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0-SECRETASE, ANTIBODIES TO , 

FOR DETECTING fi-B^&ST^i^ * M * W 



BACKGROUND OP THE INVENTION 

1 - Field nf <- he Inv P nh^. 



The present invention relates generally to the 

responsible for such cleave 10 enzyme 
lA^ie • • cl eavage (0-secretase) and assays for 

identifying inhibitors of /J-secretase 

invoked with Z^'^iSTT^^ thOSS re9l ° nS 

„ . * cognition. )9-amyloid peptide is a 

-3« constituent of amyloid p lague which is * 
=l«vage of S -a^loia precursor protein. It L presently 
beueved that a noma! «non-patho 9 enio, processing of the 
*-a*ylo ld precursor protein occurs via cleavage * a putative 
«-secretase" which cleaves between a„ino acils J and !7 oI 

u«h T: id peptlde region within «- " is 17 o£ 

further believed that pathogenic processing occurs in L- • 

a putative "/i-secretase" which cleaves at LI T 

of ,. hB , ieaves at the ammo- terminus 

Hereof h PSPtlde 189100 " lthi " the * P«tein 

Heretofore, however, the existent n * a 

confirmed. existence of /J-secretase has not been 

Senerally useful. Per example, novel en^es can Hs ! co 
estate reactions of a type associated with their dass. " 
particular, novel proteases can be used to cleave proteins for 
a variety o, purposes, and the availabilicy of new Zll a ... 
provades unroue capabilities. I„ addition to such uses 
assorted with enzy.es in genera!. t he identified 
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isolation, and purification of the nutati™ n 

For these reasons, it would be desirahi » • •, 

Purify and characterise the ^ resp ^ f ^ h r° late ' 

pathogenic cleavage o£ ^-amyloid precursor protein at the 

•~no.ter.inus of the. *-an*loid peptide reg L In 

particular, it would be desirable to utilizisuch 
(referred i-« v^~~ • ~ utilize such an enzyme 

'referred to hereinafter as 0-secretase) in methods for 

performed in a rapid format which would per.it the screening 
of large number, of test drugs in automated fashion 

2 ' PwrinMnn of t-h. p-p^.^ r||| 

0-amyloid precursor protein farm* • 
three differently-spliced £ o™" L "s InH™^ * 
a=ids and prTCessing ^eo^t cZ" 

pept^ ^^^z-j^r 

«d in trOT healthy 1^ J^^^T 
put! » CUre 3S9: " 5 - 3 "'- «- P-ible existent o tte 

«liL ^iseasT.T^ ?r" in - * 

spudich et ai ed!' T ^ ° f ce " Biol °*r- 

pudich et al., eds., Annual Review, Inc., Palo Ai to . 
California, vol. 10. l 9M . Tne SuedJsh m 

also discussed in SeUoe. supra . See £sch J ™ * 

Science 24B:1122. (1994) 
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15 



20 



SUMMARY OF THE INVENTION 
=°^s lti o" e C^~ ~ ,. S ecretaee 

hereinafter as "/J-secretase activity - Th.T' t0 
the present invention will general^ W «"*>° sit *°- of 
activity which ia at least fZT2 * 
sdubilized hut unenriched £L^£T~ ° £ * 

cells, preferably hein 3 at laatt^n f"i" " " 3 
the membrane fraction a»d „! heater than that of 

*»M ^ater than t^t oTthe " l ~- 

/? OI the membrane fraction th- 

accurate apparent molecular weight iZTh 

«• *» det.»inea by electrons ^ T\ *" " *" " 
Charge at pH 5 and a net negative ctarg 'at * 7 T"?, 
binding to wheat germ agglutinin ' ,4 > 

orally ^TZ'ZT^Tir'T invention ™ 

«.ful in assays to d^^^^ 

resulting from the novel ^se^ecasT^ * ^ *" 

test substance will inhibL ZTZZl ITZl T*~ * 

:r:rLHi°::i: a p :r: ide - « 

-thin w to anM ieas^^Ifieo T 

the presence of the test „L* ^"ied 0-secretase in 

the ,-secretase would" iSTt"'? "^"^ "* 
W an amlno-terminal CTLT.' 
fragment in the absence of test «uW M \T terminal 
-avage. Xest substances ^^^1^- ~> 
then be introduced or exposed to the assay lllll lTl 
which test substances have fi-secreta*. , 11 beatify 
Such test methods preferably' e^ " ets cre^r^' 
compositions described above. Generation of T 
derived Pdypepetides is detected e" o 

specific for the carbcxy end of the " ""^ 

*Y end of the ammo terminal fragment or 
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25 



30 



35 



the amino end of the carboxy- terminal fragment 
polypeptide substrate- for the /J-secretase ™ 
fusion polypeptide including an' ! . 

a binding epitope Use of m,r,h * • ™" nal P ort *°n havxng 
> secretase substrate L\ t 3 ^.^T 1 * » ^ 
capture of the amino . terminal po - a C r ^ U^ £ te 
ammo -terminal portion. «»J.J.ing of the 

levels tZltrT "I™* fUrther C ° mprise ****** 

levels, typically at least 10% by weiaht - 

cleave APP at th* flat, i weight, of enzymes which 

eave APP at the 0AP cleavage site and which are reactive 
with antibodies raised against immunogenic pepJL of * 

S™' T 3117 ° r 9 "—"on" [SEQ ID No .„ 
[SEO ID Ho.:6], and [SSO ID Ko.:7J. "»O..SJ, 

PreSenC inventi °= «U1 further provides 
antibodies and antibody compositions that specUicaUv bind to 
S-secretase protein. The antibodies may be polycolonll T 
monocolonal, and raav be D « Ba «, u . ^«J-ycoxonal or 

host with any of 21 * lmmUni2atio » o£ a suitable 

wxcn any of the immunogenic fl-secrpf a e 0 « - . 

described =h™. ™. secretase compositions 

described above. The antibodies may further be prepared 

P~r "~ " iCh — 1 — -^cLody 

-"rate, such as ,-amyloid precursor^ ^pT" 1 " 
synthetic or recombinant analogues thereof. The methld 
utilizes a reaction system inciuding S-secretase and r L 
Polypeptide substrate present in initLl all 
reaction system is maintained under conditions which permit 
the „-.ecretase to deave the polypeptide substrate into 
cleavage products. The e-secretas. cleavage reaction is 
»mtored by detecting the amount of ,t least one of tne , 
secret.se cleavage products, where the amount of cLava'e 
product (j) „iu increase over tim. •= cleavage 
«„,>. . . r Zlme as the reaction progresses 

Sue- -thods are particularly useful £or screening test 
compounds for the ability to inhibit ,-secretase I III t y 

•bllity of the test compound to inhibit the S-secretase 
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activity is determined based on the ability to decrease the 

TZlll TT prodact produced ' * 

a control where 0-se=retase mediated cleavage in the reaction 
system is observed and measured in the absence of test 
compound(s) . 

„. ,.„ The reaCtion ftm may comprise 0-secretase and 
polypeptide substrate obtained from separate sources. Por 
example O-secretase may be purified from a natural source or 
- Stan h C \ ll r " reCOTiinan "^ "»*«-. as discussed in 
Z be T'T / ^ SUCh C " eS ' the P^WPt". *>*«r«e 

» riT ! 7 ^ '-«"— -ite within 

MP. The shorter polypeptide can be produced with label 
binding moiety, or other components which facilitate detection 
in various assay protocols. ™ 

In an alternative assay format, both the 8-secretase 
and the polypeptide substrate will be obtained from a single 

.uitatl. S ° UrCe ' '' S - MU '" enbraneS ir °" °* other 

suitable sources. The cellular source will be treated to 

release both the 0-secretase and the polypeptide substrate 
.which „U1 be full length APP, into a suitable reaction 

medium, where the conversion of APP int-r, „i«> 

be oh.pr.^ cleavage products may 

be observed over time. Test compounds may be introduced to 
the reaction system, and the ability of particular test 
compounds to inhibit 0-secretase activity -determined generally 
as described elsewhere herein. »«aij.y 

inhihi-- ^ P T 6nt inVenti ° n further comprises methods for 
inhibiting the cleavage of ^-amyloid precursor protein (APP^ 
» cells, such methods comprise administering to the cells an 
amount of a compound effective to at least partially i^b t 
*-secretase activity. Usually, such compounds will be 
selected by the screening methods described above 

for i„H<>,-? he PrSSent inVSntion Sti11 fu "her provides methods 
for inhibiting the cleavage of Amyloid precursor protein in 
mammalian hosts. Such methods comprise administering to the 
host an amount of a compound effective to inhibit 0-secretase ' 
activity in cells of the host, usually in brain cells of the 
host. Such compounds will usually be selected by the 
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screening assays described above. Such methods will be useful 
for treating conditions related to jS-amyloid peptide 
deposition such as Alzheimer's disease, Down's syndrome, and 
the like, 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. l is a Western blot showing the reactivity of 
antibodies raised against peptides Seek-l [SEQ ID No -5] 
Seek-2 [SEQ ID No.:6], and Seek-3 [SEQ ID No.:7], under non- 
reducing conditions, as described in the Experimental section. 

Fig. 2 is a similar Western blot to Fig. 8, except 
that the protein samples were reduced prior to 
electrophoresis. 

Fig. 3 is a chart comparing the immunoprecipitation 
of /3-secretase using the antibodies of Figs. 8 and 9 under 
reducing and non-reducing conditions. 

Fig. 4 is a schematic illustration of an APP- 
containing fusion peptide useful as substrates in performing 
the screening assays of the present invention, having a 
binding epitope derived from maltose-binding protein (MBP) 
An assay was run by exposing the fusion polypeptide to 
0-secretase which cleaves the 125 amino acid portion of APP 
(APP C-125) at the amino- terminus of the /SAP. The MBP portion 
may then be captured, and the carboxy- terminus of the APP 
fragment which is exposed by cleavage with /3-secretase may be 
identified with 192 antibody specific for said terminus, sw- 
192 antibody bound to a reporter is utilized, which antibody 
recognizes the carboxy- terminus of the Swedish mutation of 
APP. 

Fig. S illustrates APP 638 which is a recombinant^ 
expressed form of APP truncated after /3AP (A/8) . APP 638 may 
be used in a /3-secretase assay where the /SAP peptide is 
cleaved and the carboxy- terminus of the amino- terminal 
fragment of APP 63 8 recognized by 192 antibody in either a 
Western blot or ELISA assay. The carboxy terminal 0AP 
fragment can also be measured using a 3D6/266 assay. 
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Fig. 6 is the complete nucleotide and amino acid 

mal 9 ^ 0 ^ SW8diSh mUtati ° n ° f fUSi ° n Polypi- of 
maltose-binding protein and APP fragment utilized in the 

Experimental section hereinafter [SEQ ID No. :i and SEQ ID 
No. :17j . 

Fig. 7 is a standard curve generated for the B- 
secretase ELISA described in detail in the Experimental 
section below. 

Fig. 8 is a standard curve for a 0-secretase assay 
Fig. 9 show the results of a /?-secretase assay using 
the curve of Pig. 8. 

Fig. 10A, 10B, 10C, loo and 10E are HPLC analyses of 
five 0-secretase substrate peptides. Labels describe the 
indicated peptide, e.g. "Leu/Asp C-Term- denotes the C- 
terminal fragment of cleavage between Leu and Asp. m Figs 
10C-E, upper trace is the same as the lower trace, but 
magnified. 

Figs. HA, UB, and lie are summaries of /?-secretase 
activity of GEC fractions, as measured by both peptide 
cleavage and ELISA assays. 

Fig. 12 illustrates the results of a 0-secretase 
inhibition assay using two test compounds (Congo Red and an 
inactive compound) . 

Fig. 13 is an autoradiogram showing the detection of 
0-secretase cleavage products in a cell membrane assay format 

Fig. 14 is a graph illustrating the extent of B- 
secretase cleavage of mature and immature APP over time. 

Fig. 15 is a chart illustrating the extent of B- 
secretase cleavage of mature and immature APP over more 
extended time periods. 

Fig. 16 illustrates the effect of putative B- 
secretase inhibitors of 0-secretase cleavage of APP in the 
cell membrane assay. 

Fig. 17 is a structural formula of a compound tested 
by the inhibition assay of the present invention, as described 
m the Experimental section below. 
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DESCRIPTION OP THE PREFERRED EMBODIMENT 

PreS6nt inVention P«vld«« a novel protease 

^ a Tthe Cally CleaVSS ^ ^ amyl0id P ™ ***** 

lAPPj at the ammo- terminus of the fl-amvir,,-^ ^ ,„ 

. uae P-aniyioid peptide IBAP) 

here ln It is Delieved ^ ^ ^ ' 

*-=ecret.se responsible for the pathogenic pressing o£ APP 
to produce ,AP in MP-related conditions, such as Alzheimer's 
dxsease. Eo wn-s syndrome. HCHWA-D, and the liks . ^ 
novel protease of the present invention will be referr d to 
hereafter as -«-secr,tase. - The /J-secretase of the present ■ 
™- »i" be useful as a protease in in vitro and " vivo 
systems where proteases may generally find use. For example 
S -s.=retas. may be used to cleave or attest to cleave 
prote lnS in order to characterize, process, modify, or 
otherwise react with the protein as a substrate. Thus. 
*-secretase will have general utility, as a proteolytic 
che^oal reagent in a wide variety of chemical reactions and 
systems, m addition, the ,-secretase of the present 
mventxon will have a specific utility in the performance of 
creemng assays to identify ,-ecretase inhibLorsT. 
test compounds Which are able to inhibit the proteolytic" 
cleavage of APP i n the presence of ,-secret.se. SucH' 
WU1 be described in detai! below. In addition to the" 
s^retase compositions and screening assay methods, the 
present invents will further provide recombinant nucleic 
acid molecules which encode at least a portion of ,,-secretaee 

the like. The present invention will still further provide 

uaUyT and compositions, 
usually by the egression of all or a portion of the t. 
eecretase gene. The present invention will still further 

antibodies to epitopes on the native ,-secretase 
protean which are useful for screening and other assays. 

1- CEFIKITtnua 

Unless defined otherwise, all technical and 
scientific terms used herein ha™ t-v,« 

a ne.em have the same meaning as commonly 
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understood by those of ordinary skill in the art to which this 
invention belongs. Although any methods and materials similar 
or equivalent to those described herein can be used in the 
practice or testing of the present invention, the preferred 
methods and materials are described. For purposes of the 
present invention, the following terms are defined below. 

As used herein, "0-amyloid precursor protein- (APP) 
refers to a polypeptide that is encoded by a gene of the same 
name localized in humans on the long arm of chromosome 21 and 
that includes a 0AP region (defined below) within its carboxyl 
third. APP is a glycosylated, single-membrane-spanning 
protein expressed in a wide variety of cells in many mammalian 
tissues. Examples of specific isotypes of APP which are 
currently known to exist in humans are the 6 95 -.amino acid 
polypeptide described by Rang et al. (1987) Nature 325:733- 
736. A 751-amino acid polypeptide has been described by 
Ponte et al. (1988) Nature 331:525-527 and Tanzi et al. (1988) 
Mature 331:528-530. A 770-amino acid isotype of APP is 
described in Kitaguchi et al. (1988) Mature 331:530-532. A 
number of specific variants of APP have also been described 
having point mutations which can differ in both position and 
phenotype. A general review of such mutations is provided in 
Hardy (1992) Nature Genet. 1:233-234. A mutation of 
particular interest is designated the "Swedish" mutation where 
the normal Lys-Met residues at positions 595 and 596 of the 
695 form are replaced by Asn-Leu. This mutation is located 
directly upstream of the normal 0-secretase cleavage site of 
APP, which occurs between residues 596 and 597 of the 695 
form. 

As used herein, "0-amyloid peptide" (/JAP) refers to 
a family of peptides having lengths from 28 to 43 amino acids, 
with a common 43 amino acid form comprising residues 597-640 
of the 695 amino acid isotype of APP. BAP is produced by 
processing of the APP including cleavage at both the amino- 
terminus and carboxy- terminus of the region. It is believed 
that the 0-secretase of the present invention is responsible 
for cleavage of APP at the amino- terminus of /SAP in normal and 
pathogenic processing of APP in human cells. 
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As used herein, "specifically cleaves 0-amyloid 
precursor protein (APP) at the 0-amyloid peptide cleavage 
location- means that the /J-secretase cleaves APP at only a 
single location and only at the site between amino acids 596 
and 597 of the 695 isotype. Test for determining whether an 
enzyme possesses such specificity are described in the 
Experimental section hereinafter under the headings fi- 
secretase Inhibitor Assays, Assays utilizing purified /?- 
secretase and recombinant fusion peptide substrates, fi- 
secretase will cleave the MBP-C125 SW substrate at only the fi- 
cleavage site and no other locations. 

The terms "polypeptide, - "peptide- and "protein" are 
used interchangeably herein to refer to a polymer of amino 
acid residues, The terms apply to amino acid polymers in 
which one or more amino acid residue is an artificial chemical 
analogue of a corresponding naturally occurring amino acid, as 
well as to naturally occurring amino acid polymers. The terms 
recombinant protein" and "recombinant /J-secretase" refer to a 
protein that is produced by expression of a nucleotide 
sequence encoding the amino acid sequence of the protein from 
a recombinant DHA molecule. 

The terms "isolated" "purified" or "biologically 
pure" refer to material which is at least partially separated 
from and which is often substantially or essentially free from 
components which normally accompany it as found in its native 
state. Purity and homogeneity are typically determined using 
analytical chemistry techniques such as polyacrylamide gel 
electrophoresis or high performance liquid chromatography. A 
protein or nucleic acid molecule which is the predominant 
protein or nucleic acid species present in a preparation is 
substantially purified. Generally, an isolated protein or 
nucleic acid molecule will comprise more than 80% of all 
macromolecular species present in the preparation 
Preferably, the protein is purified to represent greater than 
90* of all macromolecular species present. More preferably 
the protein is purified to greater than 95%, and most 
preferably the protein is purified to essential homoaeneity 
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.herein other .nacromolecular species are not detected bv 
conventional techniques. detected by 

The term -antibody, refers to a polypeptide 
substantially encoded by an i^unoalobulin aenTor 
^globulin genes, or fragments thereof, which specifically 
hind and reecho an analyt. (antigen) . The recognLd 

aelta epsilon and mu constant region genes, as well a s the 
immunoglobulin variable region genes, .ntioodies 

exist, e.g., as intact_immunoglobulins or a* = „ v 
, ^ . 3 "- t - LIlts or as a number of we»n 

ZZZ ' ragmentS Pr ° dUCtS ty diSeStion varlL 

peptidases. This includes, e.g. , Fab' and F(*h) > , 

The term "antibody " as used I 2 fragraents - 

fracrm^c 1 alS ° inclu ^s antibody 

fragments exther produced by the modification of whole 

^thoLr S -° r thOSG SyntheSiZed de — --g recombinant DNA 
methodolog.es, and further includes -humanized- antibodies 
made by now conventional techniques. "poaies 

The term -immunoassay" is an assay that utilizes an 
antxbody to specifically bind an analyte L iluno 
characterized by the use of specific Mnd' Mo ****V » 

particular antibody to isolate target ^ ° f • 

analyte. "°iate, target, and/or quantify the 

A "label" is a composition detectable by 
spectroscopic, photochemical, biochemical, immunochemical, or 
chemxeal means. For example, useful labels include » P 
fluorescent dyes, electron-dense reagents, enzymes (e.g as 
commonly used in an ELISA) , biotin, dioxigenin, or happens and 
proteins for which antisera or monoclonal antibodies are 
Hilt T n bS d6teCtible ' * incorporating a 

loecH ^ lnt ° PSPtide ' ^ US6d t0 detect antibodies 
specif xcally reactive with the peptide, . A lab el often 

generates a measurable signal, such as radioactivity 
fluorescent light or enzyme activity, which can be used to 
quantxtate the amount of bound label. 

An amino acid sequence or a nucleotide sequence is 

"identical" to a reference sequence i« th . rw , 

sequence the two sequences are 

the same when aligned for maximum correspondence over a 
comparison window. Optimal alignment of nucleotide and amino 
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acid sequences for aligning comparison window may be 
conducted by the local homology algorithm of Smith and 
Waterman (1981) Adv. Appl. Math., 2:482, by the homology 
alignment algorithm of Needleman and Wunsch (1970) J. Mol. 
Biol., 48:443, by the search for similarity method of Pearson 
and Lipman (988) Proc. Natl. Acad. Sci., U.S.A. 85:2444, by 
computerized implementations of these algorithms (GAP, BESFIT, 
PASTA, and TPASTA in the Wisconsin Genetics Software Package ' 
Release 7.0, Genetics Computer Group, 575 Science Dr., 
Madison, WI), or by inspection. The best alignment (i.e., 
resulting in the highest percentage of homology over the 
comparison window, i.e., 150 or 200 amino acids) generated by 
the various methods selected. The percentage of sequence 
identity is calculated by comparing two optimally aligned 
sequences over the window of comparison, determining the 
number of positions at which the identical amino acid occurs 
in both sequences to yield the number of matched positions, 
dividing the number of matched positions by the total number 
of positions in the window of comparison (i.e., the window 
size) , and multiplying the result by 100 to yield the 
percentage of sequence identity. 

An amino acid sequence or a nucleotide sequence is 
"substantially identical" or -substantially similar" to a 
reference sequence if the amino acid sequence or nucleotide 
sequence has at least 80% sequence identity, at least 85% 
sequence identity, at least 90% sequence identity, at least 
95% sequence identity or at least 99% sequence identity with 
the reference sequence over a comparison window. Two 
sequences that are identical to each other are, of course, 
also substantially identical. An indication that two peptides 
have amino acid sequences that are substantially identical is 
that one peptide is immunologically reactive with antibodies 
raised against the second peptide. Thus, a polypeptide is 
substantially identical to a second polypeptide, for example, 
where the two peptides differ only by a conservative 
substitution. An indication that two nucleotide sequences are 
substantially identical is that the polypeptide which the 
first nucleotide sequence encodes is immunologically cross- 
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reacts with the polypeptide encoded by the second nucleotide 
sequence. Another indication that two nucleotide sequences 
are substantially identical is that the two nucleic acid 
molecules hybridize to each other under stringent conditions. 
Stringent conditions are sequence dependent and are different 
under different environmental parameters. Generally, 
stringent conditions are selected to be about 5' C to 20° C 
lower than the thermal melting point (TJ for the specific 
sequence at a defined ionic strength and p H . The T is the 
temperature (under defined ionic strength and pH) at which 50% 
of the target sequence hybridizes to a perfectly matched 
probe . 

An antibody "specifically binds to" or "is 
specifically immunoreactive with- a protein when the antibody 
functions in a binding, reaction which is determinative of the 
presence of the protein in the presence of a heterogeneous 
population of proteins and other biologies. Thus, under 
designated immunoassay conditions, the specified antibodies 
bind preferentially to a particular protein and do not bind in 
a significant amount to other proteins present in the sample 
Specific binding to a protein under such conditions requires 
an antibody that is selected for specificity for a particular 
protein. A variety of immunoassay formats may be used to 
select antibodies specifically immunoreactive with a 
particular protein. For example, solid-phase ELISA 
immunoassays are routinely used to select monoclonal 
antibodies specifically immunoreactive with protein See 
Harlow and Lane (1988) Antibodies, A Laboratory Manual, Cold 
Spring Harbor Publications, New York, for a description of 
immunoassay formats and conditions that can be used to 
determine specific immunoreactivity. 

As used herein, "test compounds" may be any 
substance, molecule, compound, mixture of molecules or 
compounds, or any other composition which is suspected of 
being capable of inhibiting 0-secretase activity in vivo or in 
vitro. The test compounds may be macromolecul s, such as 
biological polymers, including proteins, polysacchrides. 
nucleic acids, or the like. More usually, the test compounds 
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2 KB, n, usually below i. S te , frequently below i Jcd and 
-ally in the range £rom 100 tQ 1000 d< ^ ^l^. and 

usually „ the range from 200 D to 750 ». Such test compounds 
-ay be preselected based on a variety of criteria. For 
sample, suitable test compound, may be selected as having 
known proteolytic inhibition activity. Alternativel^e 
test compounds may be selected random!y and tested by the 
screens methods of the present invention, such test 
compounds will typically be administered to reaction system 

rom^T herelnbelOW) at * concentration in the rLge 
from shout l m %0 , ^ ^ ^ ^ » 

Test compound, which are able to inhibit 0-secretase cleavage 
of APP are considered as candidates for further screening of 
a^r " *=— ™°° - — -/or 9 

Ix - 5-Secrgi-a.qo 

™- , """"etase has been characterised in a number of 
respects as described in detail in the Experimental section 
below „-.ecreta,e ha. an apparent molecular weight in the 
range from 2M KB to 300 K, determined by gel excLion 
ohromatography in 0.2* hydrogenated Triton x-iOO. A more 
accurate „l smlB weight in the range from 60 «, to 148 » 
has been determined by electrophoresis, ,-secretaee win bind 
to wheat germ agglutinin but not to concanavalin A. It has 
been found to have a net negative charge at pH 5 .where it 
does not bmd to a cationic exchange material) and a net 

l e teri!l, Cha r T P " ,Wtere iC tindS " " «*« 
material) . Th. 0-se=ret»se of the present invention will 

cleave both- wild-type (normal, and the Swedish mutation of APP 

at the putat^e 0-secretase cleavage site on the immediate 

amino-termin.1 side of th. MP fragment, and has been found to 

±2 \ Mo" Pr °"° lytie respect to the Swedish 

form of APP. Proteolytic activity appears to be at its pea* 
ata PH from 5 to 5.S. with very low activity at pH 7.5 and 
above. «..eeret.se is resistant to many known protease 
inhibitors (. e Table 3 i„ the Exp.r«.«.l section below, 
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£-secretase appears to pref erablv • 
polypeptide substrates : hich e ^ Tl thOSS 

number of residues upstream JT« substantial 
Site (from either the wiTt" tllT *" ° U "- 

form, of AP P . „ demonstrable ^ " 
. hereinafter, peptides co.J^^^T"^ 
upstream and five residue, „ 6 residues 

■ deavage sit. ^ t «T" 
Period, and higher en^e^^; 

P-ified, » it is raa „t that Z l ' 'IT I" "* 
U. isolated and at ieast J^nZTnlJT ^ 
source, such as human brain tissue orT * 
described in detail i„ V 2 " ° ells ,M 

*-se=retase obtaL^Tn", 1 ""^ bel °"' ' 

protein purification te Li^e" ^ 

be removed from the 0-secre«se co ^ Pr ° teinS ^ 

t»rf„,< secretase compositions by specific 

techniques, including serial lectin -k specific 

bound succinylat.d-wheat eel T °" agarose- 

bound lenti! Uctin Z> ,21 T "* 
binding ..secretase ^T^^^Tj^ 
contaminating proteins in the purifi.* e 
aUo„ increased enrichment of ^ «™ ' ^ 

The 0-secretase will be isolat.7 M ° • 

sufficient to increasft^tseLtsf t"^ * " ^ 
resulting composition to a use uT level t ? 

9-secretase preparations of Particular, the 

sufficient activity t" cleave ^nnTL p nVenti ° n h ~ 
Polypeptides as described to^^T??™** 
drably, the ^-^^^.S^^^*"-' 

fraction u s °iubU 12e d but unenriched membrane 

fraction from human 293 cells. More preferably the 
compositi na will have a 1 

least about 100-fold areater tha r ll " 

a greater than that of the solubilized 
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membrane fraction from human 293 cells, a specific method for 
determining /3-secretase activity in units of »ng h -»- is 
described in detail in the Experimental section below (see 
footnote 1 to Table 1) . 

This invention also provides /J-secretase protein 
analogs. As used herein, the term "/J-secretase protein 
analog" refers to a non-naturally occurring polypeptide 
comprising a contiguous sequence fragment of at least 10 amino 
adds, at least 15 amino acids, at least 20 amino acids or at 
least 25 amino acids from the sequence of native 0-secretase 
In one embodiment, 0-secretase protein analogs, when presented 
as an immunogen, elicit the production of an antibody which 
specifically binds to native 0-secretase protein. 0-secretase 
protein analogs optionally are in isolated form. 

This invention also provides active 0- secretase 
protein analogs that cleave 0-amyloid precursor protein at the 
0-amyloid peptide cleavage location, i.e. at a location 
immediately amino -terminal to the /J-amyloid peptide. These 
analogues will preferably have the minimum activities 
described above. 

Active ^-secretase protein analogs include 0- 
secretase protein analogs whose amino acid sequence differs 
from that of native /S-secretase by the inclusion of amino acid 
substitutions, additions or deletions (e.g., active 
fragments) . Active fragments can be identified empirically by 
proteolytically cutting back the protein from either the 
amino-terminus or the carboxy- terminus or by deleting internal 
sequences to generate fragments, and testing the resulting 
fragments for activity. 

Active ^-secretase protein analogs having additions 
include those having amino acid extensions to the amino- or 
carboxy- terminal end of other active fragments, as well as 
additions made internally to the protein. 

Protein analogs, that are oligopeptides can be 
prepared by chemical synthesis using well known methods. 
However, both oligopeptides and larger 0-secretase proteins 
and protein analogs preferably are prepared recombinant ly. 
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The 0-secretase polypeptides of the present 
invention may also have amino acid residues which have been 
chemically modified by known techniques, such as 
Phosphorylation, sulfation, biotinylation or the addition of 
other moieties, in some embodiments, the modifications will 
be useful for labelling reagents, purification targets, 
affinity Uganda targeting, or the like. 

111 • ANTIBODTB S AND HYp pTnn^e 

The /?-secretase polypeptides of the present 
invention may be used to prepare polyclonal and/or monoclonal 
antibodies using conventional techniques with the 0-secretase 
polypeptides as an immunogen. The intact /3-secretase 
molecule, or fragments thereof, optionally coupled to a 
carrier molecule, may be injected into small vertebrates, with 
monoclonal antibodies being produced by well-known methods, as 
described in detail below. Antibodies produced from 
0-secretase will be useful for performing conventional 
immunoassays to detect /J-secretase in biological and other 
specimens. Antibodies according to the present invention will 
bind to /J-secretase with an affinity of at least 10« M'\ io' M" 
S 10" M' 1 , or 10 9 M" 1 . 

A number of immunogens can be used to produce 
antibodies that specifically bind /5-secretase polypeptides 
Recombinant or synthetic polypeptides of 10 amino acids in 
length, or greater, are the preferred polypeptide immunogen 
for the production of monoclonal or polyclonal antibodies 
Exemplary peptides include [SEQ ID Nos . : 5 , 6 , and 7] . m one 
class of preferred embodiments, an immunogenic peptide 
conjugate is also included as an immunogen. Naturally 
occurring polypeptides can also be used either in pure or 
impure form. 

Recombinant polypeptides are expressed in 
eurkaryotic or prokaryotic cells and purified using standard 
techniques. The polypeptide, or synthetic version thereof, is 
then injected into an animal capable of producing antibodies 
Either monoclonal or polyclonal antibodies can be aenerated 
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for subsequent use in immunoassays to Measure th( . 

quantity of the polypeptide. Presence and 

Methods of producing polyclonal -„hk 
to those of skill in the art L brilf antlb0dleS * re taown 
i preferably a purified polypeptide I ? " ^^"v . 
appropriate carrier ( e g GST k ' , 5" 

vector such as a r**^^^ " 

No, 4, 7 22 ,S48) is ^ed with r ad ™Ldl e: T ^ 
immunized with the mixture. The animaT ^ ^ 
the immunogen preparation . The . animal S lranune response to 

- -te r*u rsc ~yt\r g r bieeds 

interest. When approximately high" LJrTo an^T^ * 
immunogen are obtained, bloj is co U ected l^**? 0 ^ 
antisera are prepared. Further animal 
to enrich for antibodies^ T^To lZTcT " ^ 
perform where desired. See e " Col f *' 
ftotoeaz. in Immunology Wiley/Gre^e ^ '"^ ° mBt 
(1S89) Antibodies- A Ztlr a 7 I " d ^ Lane 

Press, NY. ^atory Afanual Cold Spring Harbor 

chain reco^^ — - — 

fragments of a thereof , against predetermined 

fragments of /3-secretase proteins ara j L . 

animals e a „hm, . 61nS are raised ^ immunizing 

t te ^ ls „ amino ac * » rz" rr iy 

pep tl d.s can be coupied t, a carrier protein Tc asT 
W T" 1 "'' ° r "* express a ! nM aS ' 

length. locally 3 to 10 ammo acids in 

«cre C i„ 3 r^eVan^; 8 Z sl~ ^ 

r prepsre m ™ 

mammalian hosts, such as mice rorfpnr. F^^icuiar 

1Ce ' rode nts. primates, humans, ere. 
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Description of techniques for preparing such monoclonal 
antibodies are found in, e.g., stites et al. ( eds .) Basic and 
Clinical Immunology (4th ed.) Lange Medical Publications, Los 
Altos, CA, and references cited therein; Harlow and Lane 
Supra; Coding (1986) Monoclonal Antibodies : Principles and 
Practice (2d ed.) Academic Press, New York, NY; and Kohler and 
Milstein (1975) Wature 256:495-497. Summarized briefly, this 
method proceeds by injecting an animal with an immunogen. The 
animal is then sacrificed and cells taken from its spleen, 
which are fus_ed with myeloma cells. The result is a hybrid 
cell or "hybridoma" that is capable of reproducing in vitro 
The population of hybridomas is then screened to isolate 
individual clones, each of which secrete a single antibody 
species to the immunogen. In this manner, the individual 
antibody species obtained are the products of immortalized and 
cloned singe B cells from the immune animal generated in 
response to a specific site recognized on the immunogenic 
substance . 

Alternative methods of immortalization include 
transformation with Epstein Barr Virus, oncogenes, or 
retroviruses, or other methods known in the art. Colonies 
arising from single immortalized cells are screened for 
production of antibodies of the desired specificity and 
affinity for the antigen, and yield the monoclonal antibodies 
produced by such cells is enhanced by various techniques 
including injection into the peritoneal cavity of a vertebrate 
(preferably mammalian) host. The polypeptides and antibodies 
of the present invention are not with or without modification, 
and include chimeric antibodies such as humanized murine 
antibodies. 

Other suitable techniques involve selection of 
libraries of recombinant antibodies in phage or similar 
vectors. See, Huse et al. (1989) Science 246: 1275-1281; and 
Ward, et al. (1989) Nature 341: 544-546. 

Frequently, the polypeptides and antibodies will be 
labeled by joining, either covalently or non covalently, a 
substance which provides for a detectable signal, a wide 
variety of labels and conjugation techniques are know and are 
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reported extensively in both the scientific and patent 
literature. Suitable labels include radionuclides 
enzymes, substrates, cofactors. inhibitors, fluorescent 
Z lT ^ eBilUmineSCent -gnetic particles, and 

O S Patent » " aChlnS ^ ° f SUCh ^ ^ 

0 S Pat nt H0S 3..X7..37, 3..5..7M, ,.,„.,„, 3 , 9S6 , 345; 

iZl^ L ': 272 ' 149! and Also, recombinant 

«o. 4,ei«,SS7; and Queen et al. („„, lzoc , Acad Sci 

USA 66= 10029-10033. 

af«„4- antll>odies of thls Mention are also used for 

affinity chromatography in isolating fi-secretase proteins 
Columns are prepared, e.g.. with the antibodies Unked to'a 
solxd support, e.g., particles, such as agarose. Sephadex or 

ihed Lt re // ei1 iysate is passea « «- «l£ " 

"ashed and treated with increased concentrations of a mild 
denaturant. whereby purified ,-secretase polypeptides 2e 

libr-H T antlb0<iieS Can * « ==reen expression 

fl secretase. usually the antibodies in such a procedure are 
labeled with a moiety allowing easy detection of presence of 
antigen by antibody binding. Presence of 

used t„ tatibodi<!s rai «a gainst 0-secretase can also be 
used to ra,.se anti-idiotypic antibodies. These are useful for 

» atn 0 ! h di * 9nOSin3 conditions " 

related to the presence of the respective antigens. . 

h™ • „ ta 11 " rnativ ' S PP">*<* i» the generation of 
humanized xmmunoglobulins by linking the CDR regions of the 
antibodies to human constant regions by recombinant 

r,„^? 1,UeS - SM Queen et al - »«• «. m 
H.1002..10O31 uwi and wo ,o/07 86l . The humanized 

immunoglobulins have variable region framework residues 

i^oT^ 1 ' f r0 " 3 ^ iM ^lobulin (termed an acceptor 
imaunoglobuUn) and complementarity determining regions 
substantially from a mouse immunoglobulin, (referred to as the 
donor immunoglobulin, . The constant regicn.s,, if present 
are also substantially from a human immunoglobulin. The human 



WO 96/40885 



PCT/US96/09985 



21 



variable domains are usually chosen from human antibodies 
whose framework sequences exhibit a high degree of sequence 
identity nth th. murine variable region domains from^hich 
the CDRs are derived. The heavy and light chain variable 
region framework residues can be derived from the same or 
deferent human antibody sequences. The human antibody 
sequences can be the sequences of naturally occurring human 
antibodies or can be consensus sequences of several human 
antibodies. See Carter et al., W0 92/22653 . Certain amino 
acids from the human variable region framework residues are 

SR e c C onf 0 f ° r , SUbSti ^ ti0n baS6d ° n thSir POSSlble infl — - 
CDR conformation and/or binding to antigen. Investigation of 

such possible influences is. by modeling, examination of the 

e C ^r Ct T S ^ CS ° f ^ amin ° 3CidS at ******* Nations, or 
empirical observation of the effects of substitution or 
mutagenesis of particular amino acids. 

For example, when an amino acid differs between a 
murine variable region framework residue and a selected human 

Zill IT" fr eWOrk reSidUe ' ^ ^ f — * «*» 
amino a d / S * SUbStitUted * «" talent framework 

amino acid from the mouse antibody when it is reasonably 
expected that the amino acid: 

(1) noncovalently binds antigen directly, 

(2) is adjacent to a CDR region, 

(3) otherwise interacts with a CDR region (e a i, 
within about 3 A of a CDR region), or 9 " 

(4) participates in the V t -V a interface. 

Other candidates for substitution are acceptor human 
framework amino acids that are unusual, for a human 
immunoglobulin at that position. These amino acids can be 

IT^IT* amin0 aCidS fr ° m ^ 6qUiValent of 

the antibody or from the equivalent positions of more typical 
human immunoglobulins. 

•n«vi ^ aPPr ° aCh f ° r is °^ting DNA sequences which 

encode a human monoclonal antibody or a binding fragment 
thereof is by screening a DNA library from human B cells 
according to the general protocol outlined by Huse et al 
Science 246:1275-1281 (1 989 , and then cl and atTOlify ! 
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0 



rend H =P«"fi=ity. The proceed described by Huse is 

rendered more efficient in cognation with phage display 
??l° l0Sy - S »~ Dower et a!., m and 

also" b ' ? M ° 92/01047 • Ph3S9e displa ^ «- 
also be used to mutagenic CDR regions of antibodies 

previously shown to have affinity for S-se=retase protein 
receptors „ their ligands. Antibodies having improved 
binding affinity are selected. 

entibodi., 1 " 1 an ° the ! ° £ <*= invention, fragments of 

ZSZT Z »-"«"««• P«t.i„ or protein analogs are 

ST^I' ^ y ' the " fra9 " en " ""ding 
cl^\ Pr ° teln reCePt ° r Slnil « * of a 

ne^v t 1 ™ nUn ° 9l ° buUn - **i*°* foments include seoarat. 

Fral I"™' 9 Ch3inS Pab ' Pab '' P<ab '>" ™». rv 
en^T "T Pr0dUC,!d ^ «■» techniques, or by 

ensymic or chemical separation of intact immunogiobulins . 

Iv ' SCREEHTMr; Assays 

d«.. f PrMent inv * ntlon fu "»« provides assays for 

polypeptides substrates recognised by ^-secretase. The 
methods utilise a reaction system which includes both a 8- 
secrecase component and a substrate component, where the 
secretase cleaves the substrate over time to produce cleavage 
products. Thus, ^-secretase activity can be observed Z 
stored over time a, the amount of cleavage prolct <s7 
increases. The amount of cleavage product,!, I the reaction 

ZT, Can ^ — «*> » o* ways, including 

immunologic, chromatographic, electrophoretic. and the like 

useful forT *" SeCretMe "«"ods are particularly 

usefui for screening test compounds to determine their ability 
to inhibit 0-secretase mediated cleavage of app. In such 

VT T^° mi iB added " the re * ction w- — a» 

i ,111 1 CO,nPOUnd ° n «"**«« <* d«vage product 

i observed. Those compounds which inhibit the production o 
deavage products, are considered as potential Lecre ase 
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inhibitors and further as potential therapeutic agents for 
treatment of conditions associated with S AP product"" 

types Firs! T"" BySte, ° USUaUy « of two 

" f reaCCl ° n SyStam ^ =°™P r i« * /!-secretase 

d^fUrent ' eUbStr " e ^ ^ ° btaiMd -pLatei; "1 
different sources and thereafter admixed into the reaction 

««.. Usually, the Secretase win be either . d 
or partly purified ,. secrecasa obtaine<J 0 ^^ d 
source, as described above, or win be a recombinant 
secretase. also as described above. The polypeptide 
substrate, in turn, will usually be either full length aw ' 
isolated fro. a natural source or produced reco^L ^ a 

^d C =o°l W ° r *** —K» a portion of 

*>P and con^ses the 6-secretase cleavage site (as described 
» „re detail below, . or a synthetic peptide conprislng the 
^-secretase cleavage site. The ^-secretase end^pt^ 
substrate can be used in a wide variety of solid phale 

tslZZTT* ^ Pemit ° f ^ P^-"on of 

P secretase cleavage products over time. 

Alternatively, the reaction system may comprise 
native ^-secretase and native APP obtained from a single 
common cellular source, usually being simultaneously extracted 
from cell membranes. As described in more detail il the 
Experimental section hereinafter, human brain or other cells " 
7 be ° btaiDed c-ltur.. disrupted, and treated to obtai n 

supematants which comprise both ^-secretase and native «™ 
amounts which permit subseouent conversion of the apT^T 
cleavage products by the ^-secretase. The cleavage proat ts 

Zltl T* in the same way as described els - he - ^ 

present application, and the methods will be particularly 
useful for determining the ability of test compounds " " 
inhibit such 0-secretase mediated cleavage. 

n.^ * firSt ^" 6eCretase assa y Ascribed above may be 

performed by combining an at least partially purified 
*-secr tase is combined with a polypeptide substrate 
comprising the 0-secretase cleavage site of APP in the 

suTl 6 °? h : SUbSCrate ' C ° nditi0nS a " -intained 

such that the 0-secretase would cleave the polypeptide 
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substrate into an amino-terminal fragment and a carboxy- 
terminal fragment in the absence of a substance which inhibits 
such cleavage. Cleavage of the polypeptide substrate in the 
presence of the test compound is compared with that in the 
absence of the test compound, and those test substances which 
provide significant inhibition of the cleavage activity 
(usually at least about 25% inhibition, more usually at least 
about 50% inhibition, preferably at least about 75% 
inhibition, and often at least about 90 % inhibition or higher) 
are considered to be 0-secretase inhibitors. Such *-secretase 
inhibitors may then be subjected to further in vitro and/or i n 
vivo testing to determine if they inhibit the production of 
*AP m cellular and animal models. Suitable in vivo and in 

TlXVlT T d r rib6d ^ ■»"«ic» serial Nos. 

07/965,972 and 07/831.722. the full disclosures of which are 
incorporated herein by reference. 

. Suitable substrate polypeptides will include a 
region of the APP molecule which is recognized and cleaved by 
/3-secretase. Usually, the substrate polypeptide will include 
at least about 5 amino acid residues, and preferably at the 
least about 17 amino acids, amino-terminal to the cleavage 
site (located between amino acids 596 and 597 in the 695-amino 
acxd APP isomer) and at least about 5 amino acids, preferably 
at least about 16 amino acids, and most preferably at least 42 
amino acids (i.e., the full 0AP sequence), on the carboxy- 
terminal side of the cleavage site. The cleavage site will 
typically comprise the Met-Asp or the Leu-Asp cleavage site 
characteristic of the wild- type and Swedish forms of 0APP. An 
intact APP molecule will be suitable as the polypeptide 
including both wild-type and mutant forms of APP, particularly 
including the Swedish mutation of APP. Ose of fusion 
substrate polypeptides is often preferred, where an affinity 
region can be fused to the 0-secretase cleavage site of APP 
producing a molecule whose cleavage can be conveniently 
monitored in solid phase test systems. 

The screening assays of 0-eecretase and suitable 
substrate polypeptide are conveniently performed using 
•sandwich- assays where the amino-terminal or the carboxy- 
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terminal fragment produced by cleavage is captured on a solid 
Phase. The captured fragment may then be detected using an 
antibody specific for the end of the fragment exposed by 
0-secretase cleavage. In an exemplary embodiment described in 
detail m the Experimental section below, the polypeptide 
substrate is a fusion polypeptide combining maltose-binding 
protein and a 125-amino acid carboxy- terminal fragment of APP 
The assay uses anti -maltose -binding protein antibody to 
capture the amino- terminal cleavage product, where the 
carboxy-terminus of the cleavage product is detected by an 
antibody specific thereto. An exemplary antibody is 192 
antibody or SW-192 antibody, described in more detail in 
copending application 08/143,697, filed on October 27 199.3 
the full disclosure of which is incorporated herein by 
reference. The binding of the antibody to the cleaved fusion 
polypeptide is detected using conventional labelling systems 
such as horseradish peroxidase or other detectable enzyme 
labels, which are bound to the antibody directly (covalently) 
or indirectly through intermediate linking substances, such as 
biotm and avidin. 

V> Pharmaceutical Compositions and Th^ r eutif . Mo ^^ B 

The present invention further comprises methods for 
inhibiting the 0-secretase mediated cleavage of APP to APP 
cleavage products in cells, where the method comprises 
administering to the cells compounds selected by the method 
described above. The compounds may be added to cell culture 
in order to inhibit APP cleavage which results in 0AP 
production of other cultured cells. The compounds may also be 
administered to a patient in order to inhibit 0-secretase 
mediated APP cleavage which results in pathogenic /?AP 
production and the deposition of amyloid /J-plaque associated 
with Alzheimer's Disease and other 0AP-related conditions. 

The present invention further comprises 
Pharmaceutical compositions incorporating a compound selected 
by the above-described method and including a pharmaceutical^ 
acceptable carrier. Such pharmaceutical compositions should 
contain a therap utic or prophylactic amount of at least one 
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expound identified by the nethod of ^ 

The pharmaceutically acceptable carrier can be any ^ 
non-toxic substance suitable to deliver the compoundsTo an 
21Z host, sterile water, alcohol, fata, waxes, and inert 
sonde may be used as the carrier. Pharmaceuticals 

tTLI ™; d alT h tS '. bU£ferill9a9enta ' di "«— »d 
com™ > incorporated into the pharmaceutical 

compositions. Preparation of pharmaceutical conditions 
incorporating active agents is well described in the medical 
and scientific literature «». * , medical 

Dh . "terature. See, for example, Remington's 

Pharmaceutical Sciences, «a ck PubHshing Company, Easton, ' 
Pennsylvania, 16t h Ed., „„, ehe Qf wh ' 

incorporated herein by reference. 

suitabl. /"* Phar " aCeUtlcai ="Po=itions just described are 
suitable for systemic administration to the host, including 

ctlr t , and 8,tainl '»«^- *• Pharmaceutical 

compositions will usually be administered parenteral^, i . 
subcutaneously, intramuscularly, or intrav.nou.iy. ^ e the 
present invention provides compositions for administration to 

ac~~ J COmPOSiCi ° nS Pharmaceutically 

acceptable solution of the identified compound in an 
acceptable carrier, as described above. 

intr^ l 1 ** 1 ™ 1 *- iC wiU durable or necessary to 
introduce the pharmaceutical compositions directly or 
indirectly to the brain. Direct techniques usually involve 
Placement of a drug delivery catheter into the host's 
ventricular system to bypass the blood-brain barrier 

Z^ 0 ,'"'*! 1 ^ WhiCh ^ 9Merall >' Evolve 
formulating the compositions to provide for drug latentiation 
by the conversion of hydrophilic drugs into lipid-soluble 

la " n " atl0n is *'™^y "hieved through blocking o£ 
the hydroxyl. carboxyl, and primary amine groups present ol . 
the drug to render the drug more lipid-soluble and amenable to 
transports across the blood-brain barrier. Alternatively, 
the delivery of hydrophilic drugs can be enhanced by intra- 
arterial infusion of hypertonic solutions which can 
transiently open the blood-brain barrier. 
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The concentration of the compound in the 

Srr^r 1 carrier raay vary wideiy ' ^ £ ™ i — 

about 0.1% by weight of the pharmaceutical composition to 
about 20% by weight, or greater. Typical pharmaceutical 
composition for intramuscular injection would be made up to 
contain, for example, one to four ml of sterile buffered water 
and one w to one mg of the compound identified by the method 
of the present invention. The typical composition for 
intravenous infusion could be made up to contain 100 to 500 ml 
of sterile Ringer's solution and about i to loo mg of the 
compound . 

The pharmaceutical compositions of the present 
invention can be administered for prophylactic. and/or 
therapeutic treatment of diseases related to the deposition of 
0AP, such as Alzheimer's disease, Down's syndrome, and 
advanced aging of the brain, m therapeutic applications, the 
Pharmaceutical compositions are administered to a host already 
suffering from the disease. The pharmaceutical compositions 
will be administered in an amount sufficient to inhibit 
further deposition of 0AP plaque. An amount adequate to 
accomplish this defined as a "therapeutically effective dose - 
Such effective dose will depend on the extent of the disease,' 
the size of the host, and the like, but will generally range 
from about M g to 10 mg of the compound per kilogram of body 
weight of the host, with dosages of 0.1 W to l mg/kg being 
more commonly employed. 

For prophylactic applications, the pharmaceutical 
compositions of the present invention are administered to a 
host susceptible to the /fAP-related disease, but not already 
suffering from such disease. Such hosts may be identified by 
genetic screening and clinical analysis, as described in the 
medical literature (e.g. Goate (1991, Nature 349:704-706) 
The pharmaceutical compositions will be able to inhibit or 
prevent deposition of the 0AP plaque at a symptomatically 
early stage, preferably preventing even the initial stages of 
the /3-amyloid disease. The amount of the compound required 
for such prophylactic treatment, referred to as a 



WO 9d/40885 



FCT/US96/09985 



28 



Sn^iT 1 7 ff ' atlv * dosage ' is generally the — - 

described above for therapeutic treatment. 

The following examples are offered by way of 
illustration, not by way of limitation. 

EXPERIMENTAL 

KHrt«c,rlon ^ eh >^ T n . ) - n nf 1 _. 

cut into J*"" ^ Cel1 PMCe ° r hUBa " brain ' « 

cut into pieces and combined with five volumes of 

" fT™ ti0n bU " er 120 HePeS ' * 7 - 5 ' •■»«■<• —rose, 

IT-nT i T SUSPenSi ° n WM h °»*™ a blender 

end centrifuged at !000 * , , 10 min , t . a to produc , , 

nuclear supernatant which was saved on ice.. The pellets were 
resuspended in fresh ho^genizing buffer at the original 
volume, and the centrifugaticn step .as repeated. The second 
supernatant was combined with the first one, and the 
supernatant pool eras., „as centrifuged at 16,000 x g for 
10 -a at «.e The supernatants were discarded and the 
Pellets, lebeiled .»... were either used immediately for 
enryme purification or frozen at -40«C for later use 

„ PeU " S **" sus P ended in extraction buffer 

™ leupeptin 5 „g/ml ES4 . , „ g/ml ^ „ 
PMSF) at the original volume, after vortex-mixing, the 
extraction was completed by agitating the tubes at f C for a 

" « The mixtures were centrifuged as a^e at 

".000 x g, and the supernatants were pooled. The pH of The 
extract was adjusted to 7.5 by adding - lS (v/ v, of 1 M Tris 
base (not neutralized) . 

.„ , • ^ neUtrali2ed e ««« ™ loaded onto a wheat germ 

1 « T n 'T° Se '"*-"«~> <**- Pre-ecuilibrated wHh 
0 column volumes of 20 mM Tris, pH 7.S, o.s* Triton x-100 
i50 mM Had. 2 mM EDTA, at 4-c. One milliliter of the agarose 
resin was used for every « g of original tissue used. The 
WGA-column was washed with 10 column volumes of the 
equilibration buffer, and then eluted as follows. Three- 
quarter colu™ volumes of 1 „ N-acetylglucosamine in 20 m 
Tns, BH.7.S. 0.5% Triton x-ioo. 2 mM EOTA were passed through 
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the column after which the flow was stopped for fifteen 
minutes. An additional five column volumes of the l m 
N-acetylglucosamine elution buffer were then used to elute the 
column, followed by five column volumes of 10% chitin 
hydrolysate in 20 mM Tris, pH 7.5, 0.5% Triton X-100, 2 mM 
EDTA. All of the above eluates were combined (pooled WGA- 
eluate) . 

The pooled WGA-eluate was diluted 1:4 with 20 mM 
NaOAc , pH 5.0, 0.5% Triton X-100, 2 mM EDTA. The pH of the 
diluted solution was adjusted to 5.0 by adding a few drops of 
glacial acetic acid while monitoring the pH. This »SP load- 
was passed through a 5-ml Pharmacia HiTrap SP-column 
equilibrated with 20 mM NaOAc, pH 5.0, 0.5% Triton X-100, 2 mM 
EDTA, at 4 ml/min at 4»C. 0-Secretase activity was present in. 
the flow- through fraction, which was neutralized by adding 
enough 1 M Tris (not neutralized) to bring the pH up to 7 5 
The enzyme solution was then loaded onto a 1-ml Pharmacia 
HiTrap Q-column equilibrated with approximately 10 column 
volumes of 20 mM Tris, pH 7.5, 0.2% hydrogenated Triton X-100 
2 mM EDTA, at 1.5 ml/min at 4 o C . The column was washed with ' 
10 column volumes of 20 mM Tris, p H 7.5, 0.2% hydrogenated 
Triton X-100, 50 mM NaCI, 2 mM EDTA. Protein was eluted using 
a linear gradient from 50 mM TO 350 Mm NaCI over 30 minutes at 
a flow-rate of 1 ml/min at 4«C. The protein concentrations in 
the HiQ fractions were measured using a BioRad colorimetric 
protein assay, and the 0-secretase activity was measured using 
the MBP-C125 cleavage assay at pH 5.5. The fractions in the 
ascending portion of the protein peak have the highest 
specific activity and were pooled for further purification of 
the enzyme. 

The pooled fractions from the HiTrap Q were then 
applied to a column of concanavalin A-agarose (10% v/v of 
pool) equilibrated with 10 column volumes of 20 mM Tris, 
PH 7.5, 0.2% hydrogenated Triton X-100, 150 mM NaCI, 2 mM 
EDTA. The Con A flow- through was then loaded onto a 
Superdex 200 (26/60) gel exclusion chromatography column, 
which was eluted with Tris buffered saline. pH 7.4, 0 .2%' 
hydrogenated Triton X-100, 2 mM EDTA, at 1 ml/min. 'collecting 
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3 min/fraction. Fractions containing 0-secretase activity 
»ere identified using the tBP-esa cleavage assay The 

STT **** ^ «tivity eluting 

fro. the Superdex colu m was estimated from the peak elation 
volume (relative to that of standard proteins) to be 
280,000 ± Mt0 (average of two runs for 293 cells, and two 

runs for human brain) . 

fr Qm h R K SUltS fr ° m 3 lar * e - soale Preparation of the enzyme 
from human brain tissue is. shown in Table 1 below. 

Table \ 



Step 



Activity 
ng/ml/h 



Protein 



Sp. Act;. 1 

ng/tnl/h/^g 
protein 



Fold Purfn 



SoXubilized 
membrane extr. 



2700 



350 



7.7 



HiQ Elution 
pool 



80000 



Con A Plow-Thru 80000 



Superdex peak 
fraction 57000 



210 



100 



< 5 



380.9 



800 



> 11400 



49.5 



103.8 



> 1480.5 



combined at approximately ™J/«l^ C ?S^ t b :l? ,) Was 
acetate, pH 5.5, with 0.3% Triton X- So ° dlUm , 

product generated was measured by thl B^t^ mOXmt ° f 
SiEuSZS'Sf belOW " ^-i^-ct^itV-TSn 

let S^f^s^re^e^rnou?. 38 ° f Pr ° tein *~ du «* 

Glycosylate of 0-secretase has been investigated 
using various immobilized lectins, and ability of 
substantially purified tf-secretase activity to bind to chem 
was determined. Table 2 summarizes this data, A sic- 
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signifies less than 20% binding, between » mw. 

•~ b«we M sc., bindlns . and ::;::: g bi " din9 ' 



jequirity bean (APA) 
jack bean (con A) 

scotch broom (CSA) 

jimson weed (DSA) 

coral tree (ECA) 

griforaia simplici folia I 

grifornia simplicifolia II 

Jacalin (AIA) 

lentil (LCA) 

horseshoe crab (LPA) 
tomato (LEL) 
maackia (MAA) 
peanut (pka) 
pokeweed (POA) 
castor bean (RCA1) 
potato (STL) 

wheat germ - succinylated (SWGA) 

China gourd (TKA) 

stinging nettle (UDA) 

gorse (UEAI) 

gorse (UEAII) 

hairy vetch (WL) 

wheat germ (WGA) 



Table 2 



+ 
+ 



+ 
+ 



+ 
+ 
+ 



Only a single lectin (WSA, bound «. S e creC ase activity 
o^antitatively. out of the „ ny tested. Partial binding of 
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the activity (25-40%) to a number of other lectins probably 
indicates heterogeneous glycosylation. 

0-secretase purified as described was assayed in the 
presence of a number of common protease inhibitors as follows 
Enzyme solution was mixed with the inhibitor, as described 
below in the.f-secretase Inhibitor Assay section, and assayed 
for activity remaining as a percentage of a control solution 
incubated under otherwise identical conditions. ic so values 
if any, were determined as the concentration of inhibitor 
which resulted in 50% inhibition of the control activity. The 
results are set forth in Table 3. 
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Table 3 



Inhibitor Max Cong 

SERINE PROTEASES 

aminoe thylbenzene - 

sulfonyl fluoride 0.8 mM 

chymostatin 



3,4- 



0.2 mM 
0.5 mM 



0.2 mM 
1.0 mM 



CYSTEINE PROTEASES 

E " 64 0.14 mM 

N-ethylmaleimide io mM 

iodoacetamide 10 mM 

METALLOPR OTEASES 

2 Mm 

phosphoramidon 10 mM 

o -phenan throl ine 
m-phenanthrol ine 

ASPARTYL PROTEASES 

pepstatin 25 jiM 

diazoacetylnorleucyl - 
methyl ester 

DIVALENT METAL IONS - 

Cu 

Zn 

Hg 

Cm 

*9 



IC50 



NI 
MI 



dichloroisocoumarin nht 

diisopropylfluoro- 
phosphate 2 mM 

elastatinal 

phenylmethylsulf onyl - 
fluoride 



NI 
NI 

NI 



NI 
NI 
NI 



NI 
NI 
7 mM 
7 mM 



NI 



> 5 mM 



2 mM 

3 mM 

< 101 inh 

NI 
NI 
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These results indicate fh*h /? « 
- by coronon inhibit " 

1" Is "T" o-pheLthroLne 
chelator T ^ m ' Phen " thr0li -' *• not a aetal 

fitutea t ° 0 so ; r 9 r stin9 thac tus inhititi - 

unrelated to the metal -chelating properties of 
o-phenanthroline . 

Partial flqrpi qnein^- ProdueHftT1 
' Predion™ of an^h^;.,, 

The superdex elution fractions containing the peak 
of ^aecretase activity described above in connection liT 

wheat 12" 7 ^ PM8ed thr ° USh ' ™ -plated 
wheat gem agg lutl ni n agarose (SWGA-agarose, Vector Labs) 

COW The SWGA cfcluan had been p r ev!ous ly walhld „i t T 
coin™ volu.es of Trie-buffered saline. p H 7 .4. l\T 
hydrogenated Triton X -i00. i « ^ J M 

5 colunn <* <*• .»» buffer with 1 m Had 1^,7 

10 coluan vo lun es of the first. low Wad, bu«e ' Mter S " 

the e JuZt additl0nal ° na - hal£ ° 01 ™ ™^ <* 

T f U " er - tta °*>» *»« this was 

s^r fl ~ 9h — - - «- 

th™ „ SWGA - agarose flow-through was then passed 

through a 1 „1 lentil lectin agarose column (LCA-agarose lens 

ZsX: T 1Utlnil> ' VeCt ° r to) - .uuiUb^d aT 

de.cr.bea above for the swga reain . The ^ori^f theT 

est actiYicy is asain ™* - - - 

Tris =H 7? ^ u £l0W - thri,, '9 h — "-en «U*1 1,« with 20 *, 

PB 7.5, 2 * EDTA. o.2» hydrogenated Triton x-100 and 
allowed to bind to 40 „! of BEAE-Sepharose Fast Flow 

e~h\T Cta ''. bi ' miXi " S ^ SOlutlon 'he anion- 

SZT at 40C ° Verai9 - t ' 9 -«e agitation. The 

DEAE-Sepharose resm is then recovered by eentrifuaation 
washed once with the dilution buffer, and the^ld e ^e 
eluted w,th 20, „1 of the dilution buffer containing 4T™ 
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NaCl 
parts 



The eluted enzyme solution was divided into t- 
20% and 80%, and each part was " 
non-denaturing conditions into a J ! * leCt *°? h °™*** under 
native gel system in adjacent a . ^ 
of Laemmli (Nature, 221 Geo liliT' aCC ° rdlng to the -thod 
—ced by o,% h^enlV^ 1 ^oT " * 
electrophoresis, the gel was soaked for 30 OU ° Wlng 
sodium acetate D H b * ~ 3 ° rainut es in 0.1 M 

-D«m.r.M . "analytical" ( 20 %) and 

=.; ^zL-ri— r £«= 

analytical slices was combined with 60 ^ water and ,0 ^ 
sodxun, acetate in a microcentrifuge tube Zl\ 10 Ml l M 
using a Kontes Deltaware „ n , n • ! homogenized 
a wc» ueicaware motorized pellet necu^ 

microhorcogenizer. »P-C125SW „as added to tn/L- * 

described below PreoaLtiv ^ SeCretase a «^ity elisa 

Processed as described below to 9 e„«a te ^'7" 

gel-purified _ „ S^T^T"- 

«« reduce T^IT^Z™™ aCtiVUy — 
Pewi*.., a-utylated, then digested with trypsin 

Peptides were extracted from the oel t><»™. ^ I " ,aln - 

reverse phase HPLC. Collected curi I T «P«ated by 

,. m „„^ . collected purified peptides were 

sequenced by automated Edman degradation. Emeri™,,., 
-thods fellow, each preparative gel slice ™.™e" n t 
Pieces approximately l „, square To faci, > ^ 
.iced pieces. each ^ ^ the 

rehydrated in a vo^e oT ^C^rTS ^ 
"carbonate. o.» hydrogenated T rLn , M 
Ufficienc to have about 2 . of liquid above the p "ces 
typically „..„. rt . The tub „ ^ ther< i3cuiat ^ e « S s 



0 
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for 30 min with shaking. Following reduction • 
alkylated by the addition of 25% V J V T Q5 T' f PleCeS We ~ 
usually about 35,1. The tubes were than "*™*«o acid, 

•Chanel. ^ tubes containi ^ <=<> «* 

"as prepared. C ' vhxle the trypsin 

(Promega) . After tr^si^ ! " "constitution buffer 

- »a S «;:rrat:H:rrrrr' a - au ^ 

Buffer ,..„ amonium bicarbonate o^Ca ° f Ration 
"0,. hiding a trypsin cencen L on^fT;!^"? Tri " n X " 
tubes containino th» «-t • M9/l ° Ml ' ae 

- ethane! ^s^" I^ther^ " ^ ^ 
ethanol was addad to each t„l» ► ^ °* 

Pieces. The tubas werl ^td ^ ^ 

.entle shaking for about 2 hr buffer 1 ^ " 

and «ore Ration au f fer Ms *^ 0 £* ~ «"*f . 

the 2 mm excess Tn«,*=„- necessary to maintain 

-might . ^r^^rv^ 

return condensate to the ZllT 't ^ *™ Y " 
«" added if necesaary. Mterlbo" 2^ a sT 7 ^ 
freshly prepared trypsin solution <as 2 „ ! ° £ 

and the digestion J^TJ^^T *~' 
about 36hr at 37°c. Proceed for a total of 



Tubes vera taken fro. 37 °c shaker and centrifua-H 
The supernatants were reaoved. combined into . ,T 
tub and acidifed with trifluoroace ic aci"4 d 
distilled) Th* „«i ■ acia fTFA, double- 

The gel P1 e« 5 . still i„ inaivi!iual ^ ^ 
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then extracted sequentially with 100^1 Digestion Buffer- 
100M1 30% acetonitrile (AcN) , 0.1% TFA; and 2x 100 M 1 60%AcN 
0.1% TFA. Each extraction proceeded for lOmin at 37°C with' 
shaking. Extracts were added to combined pool described 
above. Between extract" additions, the pooled volume was 
reduced in a Speed- Vac. After the second 60% AcN, o.i% TFA 
extract, the shrunken gel pieces were rehydrated for l-2min in 
about 20„1 Digestion Buffer, then immediately extracted for a 
third time with 60% AcN, 0.1% TFA. This final extract was 
combined with the others, and the volume of the pooled 

extracts was reduced to about 3S0 M 1. TFA (as above) was added 

to a final concentration of 1%. 

Extracted peptides were loaded onto a Vydac C18 

column, 2.1 x 150mm, equilibrated at 40°C in 0.1% TFA 2% AcN 

Purified peptides were eluted with an AcN gradient. Fractions 

were collected either by hand or automatically. 

Selected peptide fractions were sequenced using an 

Applied Biosystems Model 477, equipped with a micro cartridge 

Three unambiguous peptide sequences were obtained, indicated 

as shown: 

#1 AYLTV LGVPE KPQIS GFS (R) [SEQ ID No. :2] 
#2 IIPST PFPQE GQPLI LTCE(R) [SEQ ID No. : 3] 
#3 GKPLP EPVL WTK [SEQ ID No. : 4] 

Synthetic peptides corresponding to part or all of 
the above three peptide sequences obtained were generated 
using solid-phase peptide synthesis, with the addition of an 
amino-terminal linker sequence for two of them (shown 
underlined) , as indicated below: 

Peptide Wamp Sequence 

Seek-1 NHjCGGYL TVLGV PEKPQ I C0NH 2 

[SEQ ID No. :5] 
Seek-2 AcNHIIP STPFP QEGQP LILTC CO,H 

[SEQ ID No. :6] 
Seek- 3 NH 7 CGG KP LPEPV LWTK C0NH 2 

[SEQ ID No. :7] 



WO 96/40885 



PCT/US96/09985 



38 



The synthetic peptides were then conjugated to 
catxonxzed bovine serum albumin, prior to injection into 
rabbits for the generation of specific antisera. Antisera 
obtained at 4 and 10 weeks were then used at 1:500 <n a 
Western blot against partially purified 0-secretase. Partially 

do I: 2 o." S r retaSe <SUPerd6X fraCti ° n) ™ electrophoreses " 
into 10-20, Txicme gels under either reducing or non-reducing 
conditions. Following transfer of the proteins to PVDF 
membranes, individual lanes are excised, and separately probed 
with pre-immune serum, and serum obtained at 4 and 10 weeks, 
from rabbits immunized with the three separate peptide 
immunogens. The Western blots are developed with secondary 

IgG ' h0rS6radish P-oxidase-linked whole 
antibody (Amersham), diluted at i :50 00, followed by ECL 
(Amersham) . The results from representative exposures are 
shown m Fig. i (non-reduced) and Fig. 2 (reduced) 
individual lanes are marked in both figures. Specific antisera 

til) V ^ StiC PePtideS reC09ni2e «» — P~tein 
*T ! £ rr^" 5 With inte ™ ediate -oWUty between the 60 
and 148 kDa molecular weight markers. No immunoreactive bands 

ITJl T With Pre - immUne SerUm in «... The strongest 
reactivities on Western blot were detected with the specific 

211^ Tn^' 1 <Rabbit 2 ° 5 - A Wk 10) Md Seek " 3 «**it 
211-A Wk 10), with antisera to Seek-2 (Rabbit 210 -A Wk 10) 

producing a much weaker signal. In all cases, much stronger 
immunoreactivities were evident when the protein was 
electrophoresed under reducing conditions as compared to non- 
reducing conditions. This suggests that reducing conditions 
favor increased exposure of the antigenic epitopes on the 
otherwise denatured protein, and this was taken into 
consideration in the design of the immunoprecipitation 
experiments described below. 

A HiTrap Q chromatography fraction containing 0- 
eecretase activity was divided in two parts. ' One of the two 
aliguots was treated with the reducing agent dithiothreitcl 

at 5 £or 30 "in at room temperature. Both the 
reduced and the untreated, control sample were diluted io-fold 
xn 20 mM Tris pH 7.5, 2 mM EDTA, 0.2% hydrogenated Triton X- 
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100. Pharmacia Protein A-Sepharose ct'ab 

mg/ml. and letting it staid for 30 min on ice En«L 
allots Jrt) were then ^ J-V-. 

reconstituted Protein A-Sepharose and 5 „i of eith! 

rabbit antisera, or antisera from rabb l^lTll Z™ 

rabbit 211 - A « 4 , md the nixtures * * ". °r 

temperature, with gentle end-over-end invasion Foil 

^T*- - — --Pbarose^ripluT^T 
Tj^t ^ anti9en3 ' by ^rifugation of the 

incubatxon mixtures, „-secr,tase activity .as measured in the 
cleared supernatants using the MBP C125S w assay. The result 
are graphically indicated in Fig 3 T h. „ «• results 
against both peptides SeeK-l anl's e k J Lm!T " """" 
===retase activity under -^^^HT^'' 
non-reducing conditions. These results were in agrle^ "th 
the previous observation that optical , p i Cop e expl™ r 
both antisera require prior reduction of the protein The 
i-monoprecipitation of *-secret.se activity under tne 
conditions of optical epitope exposure with specific antisera 

geTpuril'T'*"' *™ <*-=n-aena~ 

gel-purified enzyme confirms that these unique peptide 

sequences arise from the *-secretase polypeptide. 

In order to generate an amino-terminal protein 

IZZt' "* neCeSSaiT t0 al " r the ^-retase by 

chemical and enrymatio modification to permit separation of 
~nor impurities in the preparation, m order to achieve 
this, mild reduction, followed by alxylation and partial 
aeglycosylation. was carried out as described below. „o loss 
of enzymatic activity was seen with this sequence of 
treatments. The LCA-agarose flow-through fraction was 

centra " 5 ' £ ° ld * 1 ™ tUi »"« *»•« ^edVac vacuum 

X waT aPParatUS - redU « n » >*™ aithiothreitol 

IDTT) was added to the enzyme solution to a final 

concentration of 5 m». and the preparation incubated at room 

temperature for ! h. The carboxamidomethyl.tion reagent 

iodoacetamidewas then added to a final concentration of 10 

«. followed by a further 30 min incubation at room 
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te^erature. The treated enzyme sample was then immediately 
desalted using a Pharmacia PD-io column in order to exchange 
the buffer to 20 mM Tris, p H 7.5, 2 mM EDTA, 0.2% hydrogenated 
Triton X-100 for the next treatment step. 

in order to achieve the removal of Asn-linked sugar 
chains 25 mU of the deglycosylating enzyme PNGase F (Glyko) 
was added to the 0-secre.tase preparation. This treatment step 
was earned out overnight (16 h , at room tem perat U r e . 

After 0-secretase had thus been reduced 
carboxamidomethylatedr and (at least partially) 
deglycosylated, the treated enzyme was again subjected to 
anion-exchange chromatography on a 1 ml HiTrap Q column as 
described previously. Eluted fractions containing the peak of 
activity were individually concentrated by acetone 
precipitation, by combining 0.36 ml of each fraction with 1 44 
1 of ice-cold acetone, storing the mixture overnight at -40C 
and centrifuging the samples at maximum speed on a benchtop ' 
Eppendorf microcentrifuge for 10 min. After removal of the 
supernatant liquid, the pellets were dried down in the 
SpeedVac vacuum centrifuge apparatus, and the precipitated 
protein pellets dissolved in Laemmli sample buffer containing 
2. 0-mercaptoethanol. The samples were analyzed by 
electrophoresis on a Novex 10.-20% acrylamide Tricine gel 
system, following which the protein bands were visualized 
using Novex Colloidal Coomassie stain, using the protocol 
supplied by the manufacturer. An image of the stained gel was 
recorded using a Molecular Dynamics Personal Densitometer, m 
order to identify the protein bands corresponding to fi- 
secretase, a Western blot analysis of a similar gel run in 
parallel, but with less protein per lane, was carried out 
after transfer to PVDF membranes. The Western blot was probed 
with antisera against peptide Seek-3 from the previously 
described rabbit 211-A wk 10. The results showed that the 
triplet of protein bands migrating immediately above the 60 
toa MW marker was strongly immunoreactive with this previously 
characterized antisera. 

Fractions containing /3-secretase activicy (••« 21- 
25) were acetone precipitated. Pellets were dried briefly in 
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a Speed-Vac to remove residual acetone, dissolved in SDS-PAGE 
loading buffer and subjected to SDS-PAGE on a 10-20* Tris- 
Tricine gel (Novex) . The gel was transferred onto Pro-Blott 
membrane (Applied Biosystems) in CAPS buffer. After Coomassie 
blue staining, three closely spaced bands in the approximate 
molecular weight range of 65-75kDa, which coincided in 
electrophoretic mobility with the immunoreactivity described 
above, were excised for protein sequencing on an Applied 
Biosystems Model 477. Tvo of the bands yielded the same major 
ammo-acid sequence. While the first cycle could not be 
identified positively, the. next fifteen cycles were called 
with reasonable certainty. The consensus sequence obtained 
was 

[S/F/G] KNKVK GSQGQ FPLTQ XVTW [SEQ ID No.: 8] 

l-Secretas* inhih^nr- fr- rrYr 

X * A^rs utilising purified tt- B e*~r*~ ^ regnmh ^ ar ,, 
fusion peptide substrat:^ 

0-secretase assays utilizing the SW-192 antibody, 
which recognizes the free . . .Val-Asn-Leu-COOH terminal 
sequence uncovered by proteolytic cleavage immediately amino- 
ternanal of the 0AP sequence, were performed. Two 
recombinantly-expressed variants of APP (Fi gs . 5 and 6) have 
been used as substrates for /J-secretase. Both variants may be 
prepared as wild type or Swedish mutations. The preferred 
substrate (Fig. 5 ) was expressed in E. coli as a fusion 
protein of the carboxy terminal 125 aa of APP (APP c-125) 
fused to the carboxy-terminal end of maltose-binding protein 
(MBP) , using commercially available PMAL vectors from New 
England Biolabs. The ^-cleavage site was thus 26 amino acids 
downstream of the start of the APP C-125 region. 

Recombinant proteins were generated with both the 
wild-type APP sequence (MBP-C125 WT) at the cleavage site 
(..Val-Lys-Met-Asp-Ala..). [SEQ ID No.: 9] or the "Swedish- 
double mutation (MBP-C125 SW) ( . .Val-Asn-Leu-Asp-Ala. . ) 
(SEQ ID No. :10] . The entire sequence of the recombinant 
protein with the Swedish sequence is given in Fig. 7 [SEQ ID 
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*>.:!]. As shown in Fig. 4 , cleavage of the intact MBP- fusion 
protein results in the generation of a truncated amino- 
temunal fragment, with the new SW-192 Ab-positive epitope 
uncovered at the carboxy terminus. This amino-terminal 
fragment can be recognized on Western blots with the same Ab 
or, quantitatively, using an anti-MBP capture -biotinyla ted- 
SW-192 reporter sandwich format, as shown in Pig. 4 . 

Anti-MBP polyclonal antibodies were raised in 
rabbits (Josman Labs, Berkeley) by immunization with purified 
recombinants expressed MBP (New England Biolabs) . Antisera 
were affinity purified on a column of immobilized MBP. 

Fusion peptides comprising the carboxy terminal 125 
amino acids of both the Swedish mutation and wild type of APP 
(designated MBP-C12S SW and MBP-C125 WT, respectively) were 
prepared from. transfected E. coli induced with IPTG 
harvested, and lysed as described in the New England Biolabs 
protocol, except that cells were sonicated in lysis buffer 
containing 150 mM sodium chloride, 50 mM Tris, pH 7.5, 5 mM 
EDTA, and 0.1% Triton X-ioo. The sonicated cells were 
pelleted at 10,000 x g for 10 minutes at 4°C and extracted 
overnight with 7 M urea, 10 mM Tris, pH 7.5, 5 mM EDTA, and 
0.1% Triton X-100. The extract was cleared by cent rifugat ion 
at 10,000 x g for 10 minutes, then dialyzed overnight against 
lysis buffer. The dialyzed extract was recentrifuged as above 
and applied to a column of amylose resin ( New England 
Biolabs) . The column was washed extensively (at least 10 
column volumes) with lysis buffer, then with two column 
volumes of low salt buffer (10 mM Tris, pH 7.5, 5 mM EDTA 
0.1% Triton X-100), and the product was eluted with 10 m 
maltose in low salt buffer. The purified substrates were 
stored frozen at -40°C in 3 M guanidine-HCl and 0.5 - 0.7% 
Triton X-100, at 0.5 - 1.0 mg/ml. 

Microtiter 96-well plates were coated with purified 
anti-MBP antibody (® 5-10 ^g/ml) , followed by blocking with 
human serum albumin. 0-aecretase solution (l-io (il) was mixed 
with MBP-C125 SW substrate (0.5 fil) in a final volume of 
50 Ml, with a final buffer composition of 20 mM sodium 
acetate, pH 5.5, 0.035% - o.05% Triton X-100, in uncoated 
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.ndxvxdual wells of 96-well microtiter plates, and incubated 
at 37 C for 2 h. For inhibition screening assays, the amount 
of /3-secretase added was adjusted to give 1600-3200 ng/ml/hr 
of product. Samples were then diluted 5-fold with Specimen 
Diluent (0.2 g/1 sodium phosphate monobasic, 2.15 g/1 sodium 
phosphate dibasic, 0.5 g/1 sodium azide, 8.5 g/1 sodium 
chloride, 0.05% Triton X-405, 6 g/1 BSA) , further diluted 10- 
20 fold into Specimen Diluent on antl-MBP coated plates, and 
incubated for 2 h. Biotinylated SW192 antibodies were used as 
the reporter. SW192 polyclonal antibodies were biotinylated 
using NHS-biotin (Pierce), following the manufacturer's 
instruction. The biotinylated antibodies were used at about 
60-800 ng/ml, the. exact concentration was optimized against 
MBP-26SW standards (see below) for each lot of antibodies 
used. Following incubation of the plates with the reporter 
the ELISA was developed using streptavidin- labeled alkaline' 
phosphatase (Boeringer-Mannheim) and 4 -methyl -umbelliferyl 
phosphate as fluorescent substrate. Plates were read in a 
Cytofluor 2350 Fluorescent Measurement System. Peptides 
containing maltose-binding protein (MBP) fused to the wild- 
type (WT> and Swedish variants (SW) of the 0AP sequence (MBP- 
26) were prepared as standards by the methods described above 
the MBP-C125 substrates, except that the MPB-26 standards were 
purified from the lysis buffer in which the E. coli had been 
sonicated. MBP-26 SW standards were used to generate a 
standard curve (Fig. 7), which allowed the conversion of 
fluorescent units into amount of product generated. 

This assay protocol was used to screen for inhibitor 
structures, using "libraries" of compounds assembled onto 96- 
well microtiter plates. Compounds were diluted to a stock 
concentration of 50 ng/ml in 250 mM sodium acetate, 5% DMSO 
Stocks were centrifuged (1,000 Xg) for five minutes to remove 
insoluble compounds, and supernatants added to enzyme and 
substrate mixtures to a final concentration of 20 M l/ml DMSO 
in the assay format described above. The extent of product 
generated was compared with control (2% DMSO only) 0-secretase 
incubations, to calculate •% inhibition.- -Hits" were defined 
as compounds which result in >35% inhibition of enzyme 
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"t««y at test concentration. Uaing th ie ayatem. M . Ut .. . 
were xdentified out o£ the firet SS 44 co^ounde teated. a 

e a !' °-" % - thS MSay has •*» to be 

capable of dxatinauishing -non-inhibitora- (the .ajority of 
compounds) from "inhibitors." 

Cleavage by 0-secretase of the wild-type MBP-C125 wt 
was measured by the above procedure, with the following 
moderations: incubation at 37*C was as above, but in 
microfuge tubes and for 5 hours. Samples were then diluted 10- 
fold „ specimen Diluent and transferred to anti-MBP coated 
Plates without further dilution. The reporter antibody was 
bxotxnylated wild type specific 192, used at 700 ng/ml 
Recombinant wild type MBP-C26 was used to generate a standard 
curve for conversion of fluorescent units into amount of 

re r s°uL C 6 , (Fi9 ' amOUnt ° f '-•«*". solution 

resulted m a corresponding increase in product (Pig 9) with 
optimum levels around S ,1 per 50 ,1 of Lotion sottlon 



re Util „ u 



Synthetic m^ r ^ rlTl - 



es 



the „ „. f" Secretase activity was also measured by incubating 
the partxally purified *-secretase preparations with synthetic 
oligopeptides comprising the cleavage site in APP. The 
cleavage products could have been detected by any of several 
technxques, including but not limited to use of fluorescent or 
chromogenxc tags on the N- or C- termini, measurement of free 

° r C " termini ' °r antibody reaction with the cleaved 
peptides, m the following example, the cleavage products 

^ T %f eteCted USing ^ Perf °— chromatography 
(HPLC). The following peptides were employed: 

ADRGL TTRPG SGLTN IKTEE ISEVN LDAEF RHDSG YEvhh 
QK(26-16'SW) [SEQ ID No.:ll] 

GSGLT NIKTE EISEV NLDAE FRHDS GYEVH HQK(17-1 6 ' SW ) 
(SEQ ID No. :12] 
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ADRGL TTRPG SGLTN IKTEE ISEVN LDAEF (26-4 ' SW) 
[SEQ. ID No. :13] 

SEVNL DAEFR HDSGY EVHHQ K(5-16'SW) [SEQ ID No.:14] 

N-AcetylSEVNL DAEFR (5-5'SW) [SEQ ID No. : 15] 

Peptides were prepared by automated solid phase 
synthesis. The 26-4'SW, 5-16'SW, and 5-5'SW peptides were 
synthesized with t-BOC chemistry, while the 26-16'SW and 17- 
lS'SW peptides were synthesized by FMOC chemistry. All 
peptides were purified by reverse-phase HPLC before use, using 
a 10-50% acetonitrile gradient, at 0.33%/minute. in 0.1% TFA 
on a C4 column. The peptide substrate was incubated at 0.3 - 
0.35 mg/ml with 0-secretase, prepared as described above 
through the gel exclusion chromatography step. The /S- 
secretase-containing gel exclusion fraction was diluted four- 
fold in a final assay volume of 250 nl, with a final buffer 
composition of 100 mM sodium acetate, pH 5.5. and 0.05% 
reduced Triton X-100. The samples are incubated at 37«C for 
overnight (18-20 hours) for peptides 26-16'SW, 26-4'SW, or 17- 
16 'SW, or 70-80 hours for 5 -16 'SW or 5-5'SW. Following 
incubation, trifluoroacetic acid was added to a final 
concentration of 1.0 %. The samples were analyzed by HPLC 
26-16'SW, 17-16'SW, or 5-16'SW digests were analyzed on a 
Vydac C4 column (4.4 mm x 250 mm, 300 A pore size, 5 M bead 
size) using a gradient of 4.5% acetonitrile for 5 minutes, 
followed by 4.5-22.5% acetonitrile in 40 minutes, 22.5-3l!s% 
in 5 minutes, and 31.5-90% in 10 minutes. 26-4'SW and 5-5 'SW 
digests were analyzed on a Vydac CIS column (4.4 mm x 250 mm, 
300 A pore size, 5 fi bead size) using a gradient of 1.8% 
acetonitrile for 5 minutes, followed by 1.8-10.8% acetonitrile 
in 20 minutes, 10.8-18% in 24 minutes, 18-36% in 36 minutes, 
and 36-90% in 15 minutes. Typical separations of digests of 
the peptides are shown in Figs. 10A-10E. Product peptides 
were identified in selected digests by amino acid analysis and 
mass spectroscopy. In addition, the C-terminal Leu/Asp 
cleavage product (DAEFRHDSGYEVHHQK) [SEQ ID No.: 16] was 
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confirmed by comparison with the synthetic peptide. Cleavage 
yields were quantitated by measurement of the intensity or 
area of the N- terminal (26-4 'SW) or C- terminal (all other 
peptides) product peptide peak. Standard curves using 
synthetic DAEFRHDSGYEVHHQK [SEQ ID No.: 16] showed that the 
HPLC assay was linear and reproducible (Fig. iof) . when 
serial gel exclusion fractions from a /8-secretase preparation 
were analyzed by this method, the results were proportional to 
the 0-secretase activity as determined by ELISA (Figs. 11A- 
11C) , confirming that the same activity is being measured, 
quantitatively, in both assays. The 17-16'SW peptide is the 
preferred substrate, since it gave the highest product signal. 
Fig. 12 shows the results of assays using the 17-16'SW peptide 
and including two candidate inhibitors (Congo Red and an 
inactive compound which was also inactive by the ELISA assay) , 
showing that this assay can be used as an alternate screen for 
inhibitors, or to verify inhibitors identified in other 
assays . 

3> Assays Utilizing TranafaetftH ro l l Ms^ nac 

Generation of /?-secretase cleaved APP fragments from 
the endogenous full length APP protein was observed using the 
192SW antibody (described above) in membranes from 293 cells 
transfected with the Swedish variant of APP (293SWE cells) . 
APP fragments may be measured by iramunoprecipitation or by 
immunoblotting. The latter technique is preferred for reasons 
of convenience. Confirmation that the cleavage activity 
results from 0-secretase was as follows: 

1) Both activities were highly selective, generating a single 
N-terminal product identifiable on immunoblots with the 192SW 
antibody (see below) . 

2) Both activities were membrane -bound. 

3) The membrane activity was resistant to the standard 
protease inhibitors listed in Table 3 above. 

A semiquantitative assay for the detecting in situ 
0-secretase cleavage of APP in membranes was developed used to 
directly identify 0-secretase inhibitors. The membrane assav 
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is useful as a primary screen or as a secondary assay to 

confirm inhibiting activity of potentia! inhibitors identified 

in the assays described above. 

Cell membrane assays were run as follows. 293SW 

cells, were grown in medium containing 90 % Dulbecco's MEM, 10% 
heat xnactxvated fetal bovine serum, 25 mM HEPES, i mM 
pyruvate, 2 mM glutamine, and 0.4 mg/ml geneticin, by standard 
procedures (see e.g. R. I. Freshney ( 1987 ) Animal Ce L ^ 
Culture: A Manual of Basic Technique (2nd Edition) Alan R 

^ NSW Y ° rk ' NY) ' The «lls were harvested by rinsing 
once wxth phosphate-buf f ered saline (PBS) , then incubating 5 
mxnutes with PBS containing 2 mM EDTA, with gentle agitatL. 

Ill 17 St6PS W6re d ° ne 3t 4 ° C " ° n ice ' «HPt where 
noted, cells were pelleted by centrifugation for 5 minutes at 
800 x g, then twice resuspended in PBS and repelleted. The 
cell pellet was homogenized in 5 volumes of homogenization 

Zli e ^ ml T ^^ loroisoco ^i^ 1 Mg/ml pepstatin A, and 5 
«r/1 E-64). The homogenate was centrifuged 10 minutes at 800 
x g. The supernate was saved, while the pellet was resuspended 
in another 5 volumes of homogenization buffer and 
recentrxfuged. The resulting supernate was pooled with the 
previous one, aliquoted into l.o ml portions, and respun at 
16,000 x g for 20 minutes. The pellets (P 2) were stored at - 

Measurement of in situ 0-secretase activity was 
facilxtated by extracting the endogenous 0-secretase cleaved 
APP wxth saponin. P2 pellets were extracted in l.o ml of 
resuspension buffer (20 mM Tris, pH 7.5, 2 mM EDTA, l.o mM 
PMSP 5 M g/ml dichloroisocoumarin, 1 Mg/ra i pepstatin A, and 5 
/ig/ml E-64) with 0.02% saponin for 30 minutes, pelleted at 
16.000 x g for 20 minutes, then resuspended by vortexing in 
the above resuspension buffer, without saponin. 

For 0-secretase inhibition assays. 10 „1 of the test 
compound of interest at 5 times its desired final 
concentration, in 500 mM sodium acetate. pH 5.5. and 20 % 
DMSO, was added to 40 „1 of the extracted P2 suspension 
Samples were incubated at 37C for 4 hours before stopping the 



WO 96/40885 



PCI7US96/09985 



48 



reaction with 17 ^1 of concentrated loading buffer (30% 
glycerol, 12% sodium dodecyl sulfate, 400 mM Tris, pH 6 7 40 
m EDTA, 400 mM dithiothreitol, 0.4 mg/ml Bromophenol Blue) 
Samples were boiled and electrophoresed on 10-20% acrylamide 
Tncme gels (Novex) and transferred to Immobilon membranes 
(Millipore) . Membranes were blocked in NCS-TBS (10% newborn 
calf serum, 150 mM sodium chloride, 50 mM Tris, p H 7.5) and 
analyzed using 192SW, 0.5 M g/ml in NCS-TBS, as primary ' 
antibody, horseradish peroxidase-linked anti-rabbit i gG 
(Amersham) diluted 1:3000 in NCS-TBS as secondary antibody, 
and ECL reagent (Amersham) as chemilumenescent developer. The 
192SW-reactive bands identified by autoradiography were 
quantitated by densitometry. 

As shown in the autoradiograms in Fig. 13 , two 
product bands were identified on immunoblots . The lower and 
upper bands correspond to cleavage products of the immature 
core-glycosylated form and the mature, Golgi -processed, fully 
glycosylated form of APP, respectively, as shown by their 
mobilities on electrophoresis, and differential sensitivity to 
neuraminidase and O-glycanase. As shown by the quantitation, 
normalized to the unincubated, unextracted P2 membranes used 
as standards (Fig. 14), signal was initially low, and steadily 
increased with incubation . Further experiments, such as that 
shown in Fig. 15, showed a slight increase in signal with 
further incubation. Fig. is shows the concentration 
dependence of inhibition by three putative inhibitors 
identified in the ELISA assay/Congo Red and compound 31766 
(Pig. 17) were much, more potent than an inactive compound in 
both the ELISA and the in situ assays. 

Although the foregoing invention has been described 
in some detail by way of illustration and example, for 
purposes of clarity of understanding, it will be obvious that 
certain changes and modifications may be practiced within the 
scope of the appended claims. 
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Anderson, John P. 
Tan, Hau 

McConlogue, Lisa M. 
Jacobson- Croak, Kirsten L. 

(ii) TITLE OF INVENTION: Beta-Secretase 

(iii) NUMBER OF SEQUENCES: 17 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE : Townsend and Townsend and Crew LLP 

(B) STREET: Two Embarcadero Ctr., 8th Floor 

(C) CITY: San Francisco 
(D.) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 94111-3834 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patent In Release #1.0, Version #1.25 
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(A) APPLICATION NUMBER: US PCT 

(B) FILING DATE: 
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(B) FILING DATE: 07-JUN-1995 
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(A) APPLICATION NUMBER: US 08/485,152 

(B) FILING DATE: 07-JUN-1995 
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(B) REGISTRATION NUMBER: 29,541 

(C) REFERENCE / DO CKET NUMBER: 15270-002220PC 
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(A) TELEPHONE: 415*326-2400 

(B) TELEFAX: 415-326-2422 
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(2) INFORMATION FOR SEQ ID NO:l:. 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1521 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 
ATGAAAACTG AAGAAGGTAA ACTGGTAATC TGGATTAACG GCGATAAAGG CTATAACGGT 
CTCGCTGAAG TCGGTAAGAA ATTCGAGAAA GATACCGGAA TTAAAGTCAC CGTTGAGCAT 
CCGGATAAAC TGGAAGAGAA ATTCCCACAG GTTGCGGCAA CTGGCGATGG CCCTGACATT 
ATCTTCTGGG CACACGACCG CTTTGGTGGC TACGCTCAAT CTGGCCTGTT GGCTGAAATC 
ACCCCGGACA AAGCGTTCCA GGACAAGCTG TATCCGTTTA CCTGGGATGC CGTACGTTAC 
AACGGCAAGC TGATTGCTTA CCCGATCGCT GTTGAAGCGT TATCGCTGAT TTATAACAAA 
GATCTGCTGC CGAACCCGCC AAAAACCTGG GAAGAGATCC CGGCGCTGGA TAAAGAACTG 
AAAGCGAAAG GTAAGAGCGC GCTGATGTTC AACCTGCAAG AACCGTACTT CACCTGGCCG 
CTGATTGCTG CTGACGGGGG TTATGCGTTC AAGTATGAAA ACGGCAAGTA CGACATTAAA 
GACGTGGGCG TGGATAACGC TGGCGCGAAA GCGGGTCTGA CCTTCCTGGT TGACCTGATT 
AAAAACAAAC ACATGAATGC AGACACCGAT TACTCCATCG CAGAAGCTGC CTTTAATAAA 
GGCGAAACAG CGATGACCAT CAACGGCCCG TGGGCATGGT CCAACATCGA CACCAGCAAA 
GTGAATTATG GTGTAACGGT ACTGCCGACC TTCAAGGGTC AACCATCCAA ACCGTTCGTT 
GGCGTGCTGA GCGCAGGTAT TAACGCCGCC AGTCCGAACA AAGAGCTGGC GAAAGAGTTC 
CTCGAAAACT ATCTGCTGAC TGATGAAGGT CTGGAAGCGG TTAATAAAGA CAAACCGCTG 
GGTGCCGTAG CGCTGAAGTC TTACGAGGAA GAGTTGGCGA AAGATCCACG TATTGCCGCC 
ACCATGGAAA ACGCCCAGAA AGGTGAAATC ATGCCGAACA TCCCGCAGAT GTCCGCTTTC 
TGGTATGCCG TGCGTACTGC GGTGATCAAC GCCGCCAGCG GTCGTCAGAC TGTCGATGAA 
GCCCTGAAAG ACGCGCAGAC TAATTCGAGC TCGGTACCCG GCCGGGGATC CATCGAGGGT 



60 
120 
180 
240 
300 
360 
420 
460 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
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GAGGACTGAC CACTfYSA CPA czrzT^r^vmnT* rn/-*r** ■* m» m » — * _ 
wt.wj.wiw uiLitvjhLLA lhji iciCaGGT TGACAAATAT CAAGACGGAG 


1200 


GAGATCTCTG 


"^uiunAiui 1 1 LuGACATG ACTCAGGATA TGAAGTTCAT 


1260 


CATCAAAAAT 


1 tsUAGAAGAT GTGGGTTCAA ACAAAGGTGC AATCATTGGA 


1320 


CTGATGGTGG 


GCGGTGTTGT CATAGCGACA GTGATCGTCA TCACCTTGGT GATGCTGAAG 


1380 


AAGAAACAGT 


ACACATCCAT TCATCATGGT GTGGTGGAGG TTGACGCCGC TGTCACCCCA 


1440 


GAGGAGCGCC 


ACCTGTCCAA GATGCAGCAG AACGGCTACG AAAATCCAAC CTACAAGTTC 


1500 


TTTGAGCAGA 


TGCAGAACTA G 


1521 
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2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 19 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : sinqle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

Ala Tyr Leu Thr v a l Leu 01 y Val Pro Glu Lys Pro Gla Ile Ser Gly 

10 15 

Phe Ser Arg 
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INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 



lie lie Pro Ser Thr Pro Phe Pro Gin Glu Cy S Gin Pro Leu He Leu 



5 10 15 



Thr Cys Glu Arg 
20 
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2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
Gly Lys Pro Leu Pro Glu Pro Val Leu Trp Thr Lys 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 15 amino acids 
(B> TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Region 

(B) LOCATION: one -of (15) 

^ST 10 ^ /n °"= inal Gin is 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Cys Gly Gly Tyr Leu Thr Val Leu Gly Val Pro Glu Lys Gin Pro 

10 1S 
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(2) INFORMATION FOR SEQ ID NO: 6: 



(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Region 

(B) LOCATION: one-of(i) 

ID) /not.. ....^na! »» u 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Asn His lie. lie Pro Ser Thr Pro Phe Pro Gin Glu Gly G m Pro Leu 



10 



He Leu Thr Cys 
20 



15 



WO 96/40885 



PCT/US96/09985 



57 



(2) INFORMATION FOR SEQ ID NO .-7: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Region 

(B) LOCATION: one-of(14) 

(D) OTHER INFORMATION : /note- «C-terminal Lys is 
amidated. " 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 7: 

Cys Gly Gly Lys Pro Leu Pro Glu Pro Val Leu Trp Thr Lys 
15 10 
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2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 21 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Region 

(B) LOCATION: one-of(l) 

(D) OTHER INFORMATION: /note- "Xaa is Ser , Phe or Qly . . 
(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 8: 

Xaa Lys Asn Lys Val Lys Gly Ser 01a Gly Gln phe prQ Leu ^ ^ 

10 1S 

Xaa Val Thr Val Val 
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INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: S amino acids 

(B) TYPE: amino acid 

<C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Val Lys Met Asp Ala 
1 5 
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) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:! 
Val Asn Leu Asp Ala 
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INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 amino acids 

(B) TYPE: amino acid 

'(C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Ala Asp Arg Gly Leu Thr Thr Arg Pro Gly Ser Gly Leu Thr Asn He 
l 5 10 



15 



Lys Thr Glu Glu lie Ser Glu Val Asn Leu Asp Ala Glu Phe Arg His 

20 25 30 

Asp Ser Gly Tyr Glu Val His His Gin Lys 
35 40 
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INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 12: 

Glu 

10 15 * 

Gly Tyr Glu Val Hi 
25 30 



Gly Ser Gly Leu Thr Asn He Lys Thr Glu Glu lie Ser Glu Val Asn 

Leu Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gin 



Lys 
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INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH : 30 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 
. (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 13: 

Ala Asp Arg Gly Leu Thr Thr Arg Pro Gly Ser Gly Leu Thr Asn lie 

5 io 15 

Lys Thr Glu Glu He Ser Glu Val Asn Leu Asd Ala Glu Phe 



25 30 
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2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 21 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Ser Glu Val Asn Leu Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu 



Val His His Gin Lys 
20 



10 15 
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INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Region 

(B) LOCATION: one-of(l) 

. (D) OTHER INFORMATION: /note= »N- terminal Ser is acetylated. 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Ser Glu Val Asn Leu Asp Ala Glu Phe Arg 
15 10 



WO 96/40885 



PCT/US96/09985 



66 

INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Asp Ala Glu Phe Arg His Asp Ser Gin Tyr Glu Val His His Gin Lys 
1 5 10 15 



WO 96/40885 



PCT/US96/09985 



67 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 506 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Met Lys Thr Glu Glu Gly Lys Leu Val lie Trp lie Asn Gly Asp Lys 

5 10 15 

Gly Tyr Asn Gly Leu Ala Glu Val Gly Lys Lys Phe Glu Lys Asp Thr 

25 30 
Gly lie Lys Val Thr Val Glu His Pro Asp Lys Leu Glu Glu Lys Phe 



40 45 

Pro Gin Val Ala Ala Thr Gly Asp Gly Pro Asp lie lie Phe Trp Ala 

55 60 
His Asp Arg Phe Gly Gly Tyr Ala Gin Ser Gly Leu Leu Ala Glu lie 

70 75 80 

Thr Pro Asp Lys Ala Phe Gin Asp Lys Leu Tyr Pro Phe Thr Trp Asp 



80 

Phe Gin Asp Lys Leu th>-»- d— ~ r>i mi . 

85 9° 95 

Ala Val Arg Tyr Asn Gly Lys Leu lie Ala Tyr Pro He Ala Val Glu 



110 

Ala Leu Ser Leu lie Tyr Asn Lys Asp Leu Leu Pro Asn Pro Pro Lys 

120 125 

Thr Trp Glu Glu lie Pro Ala Leu Asp Lys Glu Leu Lys Ala Lys Gly 

Lys Ser Ala Leu Met Phe Asn Leu Gin Glu Pro Tyr Phe Thr Trp Pro 

150 155 y 16Q 

Leu lie Ala Ala Asp Gly Gly Tyr Ala Phe Lys Tyr Glu Asn Gly Lys 
165 170 17 | y 

Tyr Asp He Lys Asp Val Gly Val Asp Asn Ala Gly Ala Lys Ala Gly 

185 2.90 

Leu Thr Phe Leu Val Asp Leu lie Lys Asn Lys His Met Asn Ala Asp 

200 205 

Thr Asp Tyr Ser lie Ala Glu Ala Ala Phe Asn Lys Gly Glu Thr Ala 

215 220 
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Met Thr lie Asn Gly Pro Trp Ala Trp Ser Asn lie Asp Thr Ser Lys 

235 240 
Val Asn Tyr Gly Val Thr Val Leu Pro Thr Phe Lys Gly Gin Pro Ser 

245 - 250 255 

Lys Pro Phe Val Gly Val Leu Ser Ala Gly He Asn Ala Ala Ser Pro 

255 270 
Asn Lys Glu Leu Ala Lys Glu Phe Leu Glu Asn Tyr Leu Leu Thr Asp 

280 285 

Glu Gly Leu Glu Ala Val Asn Lys Asp Lys Pro Leu Gly Ala Val Ala 

295 300 
Leu Lys Ser Tyr Glu Glu Glu Leu Ala Lys Asp Pro Arg lie Ala Ala 

Thr Met Glu Asn Ala Gin Lys Gly Glu lie Met Pro Asn lie Pro Gin 

Met Ser Ala Phe Trp Tyr Ala Val Arg Thr Ala Val lie Asn Ala Ala 

345 350 
ser Gly Arg G l„ Thr Val tep , ^ ^ hys ^ ^ ^ ^ ^ 

350 365 
S«r ser Ser Val Pro Gly Arg Gly ser lie Glu Gly Arg Ala As. Arg 

375 380 * a 

«J W. Thr Thr Arg Pro Gly Ser Gly Leu Thr Asn lie Lys Thr Glu 



395 



400 



Glu lie ser Glu Val Asn Leu Asp Ala Glu Phe Arg His Asp Ser Gly 

410 415 
Tyr Glu Val His His Gin Lys Leu Val Phe Phe Ala Glu Asp Val Gly 

425 430 
Ser Asn Lys Gly Ala lie He Gly Leu Met Val Gly Gly Val Val lie 

440 445 
Ala Thr Val lie Val He Thr Leu Val Met Leu Lys Lys Lys Gin Tyr 



460 



Thr Ser lie His His Gly Val Val Glu Val Asp Ala Ala Val Thr Pro 

475 480 



Glu Glu Arg His Leu Ser Lys Met Gin Gin Asn Gly Tyr Glu Asn Pro 

490 495 

Thr Tyr Lys Phe Phe Glu Gin Met Gin Asn 
50 ° 505 
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WHAT IS CLAIMED Tg . 

1. A composition of matter comprising an isolated 
and purified enzyme which specifically cleaves /3-amyloid . 
precursor protein at the 0-amyloid peptide cleavage location. 

2. A composition of matter comprising /S-secretase, 
wherein the composition has a /J-secretase activity which is at 
least five- fold, greater than that of a solubilized but 
unenriched membrane fraction from human 293 cells. 

3. A composition of matter as in claim 2, wherein 
the 0-secretase activity is at least about 100-fold greater 
than that of a solubilized but unenriched membrane fraction 
from human 293 cells. 

4. A composition of matter comprising at least 10% 
by weight of an enzyme capable of cleaving jS-amyloid precursor 
protein at the 0-amyloid peptide cleavage location and having 
the . following characteristics: 

(a) an apparent molecular weight in the range from 
260 kD to 300 kD measured by gel exclusion 
chromatography ; 

(b) a net negative charge at pH 5 and a net 
negative charge at pH 7.5; and 

(c) binds to wheat germ agglutinin with partial 
binding to other lectins as set forth in Table 
2. 



5. A composition of matter comprising at least 10% 
by weight of an enzyme capable of cleaving /3-amyloid precursor 
protein at the 0-amyloid peptide cleavage location and 
reactive with antibodies raised against any one of the 
peptides of [SEQ ID No. : 9 , SEQ ID No. : 10. and SEQ ID No.: 11]. 

6. A composition of matter as in claim 5, wherein 
the enzyme is reactive with antibodies raised against at least 
two of the peptides. 
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7. A composition of matter as in claim 6, wherein 
the enzyme ls reactive with antibodies raised against all • 
three of the peptides. 

8 A composition of matter as in claim 5, wherein 
the enzyme has an apparent molecular weight between SO kD and 
148 kD when determined by electrophoresis 



9. 

secretase protein 



An antibody that specifically binds native 0- 



antibody. ^ * th " « 



" ' antibody ° f 9 that is a monoclonal 

antibody. 



12. The antibody of claim 9 that is a humanized 

antibody. 

13. The antibody of claim 9 that is an antibody 
i ragmen t . * 

14. A method for detecting ^-secretase cleavage of 
a polypeptide substrate, said method comprising: 

an , ^ P rovidi ^ a reaction system including /J-secretase 
and the polypeptide substrate present in initial amounts- 

maxntaining the reaction system under conditions 
which permit 0-secretase cleavage of the polypeptide substrate 
into cleavage products; and 

detecting the amount of at least one of the /?- 
secretase cleavage products produced as a result of ft- 
secretase cleavage of the substrate. 

15. A method as in claim 14, further comprising 
introducing a test compound to the reaction system and 
determining whether the test compound affects the amount of „. 
secretase cleavage produce (s) produced. 
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16. A method as in claim 14, wherein the 0- 
secretase and the polypeptide substrate are obtained 
separately and admixed into the reaction mixture. 

17. a method as in claim is, wherein the 0- 
secretase is selected from the group consisting of (l) 0- 
secretase at least partially purified from a cellular source 
and (2) recombinant |8-secretase. 



18. A method as in claim 16, wherein the 
polypeptide substrate is selected from the group consisting of 
(1) 0-amyloid precursor protein (APP) at least partially 
purified from a cellular source, (2) recombinant polypeptide 
comprising the £-secretase cleavage site of APP, and (3) 
synthetic polypeptide comprising the 0-secretase cleavage site 
of APP. 



19. A method as in claim 14, wherein the reaction 
system comprises native /S-secretase and native /3-amyloid 
precursor protein (APP) at least partially isolated from a 
single cellular source. 



20. A method as in claim 19, wherein the 0- 
secretase and APP are' extracted from cell membranes. 

21. A method as in claim 14, wherein the cleavage 
products include an amino -terminal fragment and a carboxy- 
terminal fragment and wherein the cleavage product is detected 
by observing binding between the fragment and a binding 
substance specific for the carboxy end of the amino -terminal 
fragment or the amino end of the carboxy- terminal fragment. 

22. A method as in claim 19, wherein the generation 
of the fragment is detected in a gel which separates fragments 
based upon size and/or electrophoretic mobility. 
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23 . . A method for determining whether a test 
substance inhibits proteolytic cleavage of 0-amyloid precursor 
protein (,3-APP) , said method comprising: W P rec ^or 

exposing a substrate polypeptide comprising the 
""^ Site ° f *** to - « least partially purified 
^■secretase polypeptide in the presence of the test substance 

ZtlVITT 5 such that the *- secretase P"W*. ~*T 

cleave the polypeptzde substrate into an amino-terminal 
fragment and a carboxy- terminal fragment in the absence of a 
substance which inhibits such cleavage; and 

detecting cleavage of the polypeptide at the 
£-secretase site. 

24. A method as in claim 23, wherein the at least 
part.ally purified 0-secretase polypeptide which is in the 
presence of. the substrate polypeptide and test substance has 
an activity which is at least ten-fold greater than that of a 
soW lized but unenriched membrane fraction from human 293 

25. A method as in claim 23, wherein cleavage of 
the polypeptide is determined by detecting the generation of 

te ™ n r terminal fragment and the carboxy- 

terminal fragment. 

of th. , 26 " * meth ° d aS in Clai * «, wherein the generation 

t^Li' aa r t ^j^ tme ^ d by ° bservin9 bindi ^ b — ^e 

fragment and a bxnd.ng substance specific for the carboxy end 
of the ammo-terminal fragment or the amino end of the 
carboxy-terminal fragment. 

of th. f " ' A . meth ° d M ** claim 25 • herein the generation 
of the fragment is detected in a gel which separates fragments 
based upon size and/or electrophoretic mobility. 

28. A method as in claim 25, wherein the 
polypeptide comprises a sequence including the 125 carboxy- 
terminal amino acids of 0-APP. 
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1 29. A method as in claim 28, wherein the substrate 

2 polypeptide is a fusion polypeptide comprising an amino - 

3 terminal portion having a binding epitope and a carboxy- 

4 terminal portion having the 0-secretase site. 

1 3 0. A method as in claim 29, wherein cleavage of 

2 the . substrate polypeptide is detected by capture of the amino- 

3 terminal portion of the fusion polypeptide and detection of 

4 the carboxy end of the amino -terminal portion, wherein said 
. 5 carboxy end is detected by observing binding to a binding 

6 substance specific for said carboxy end. 

1 31. A method. for determining whether a test 

2 substance inhibits proteolytic cleavage of /3- amyloid precursor 

3 protein (jB-AFP) , said method comprising: 

4 exposing a substrate polypeptide comprising the 

5 0-secretase site of APP to an at least partially purified 

6 /3-secretase polypeptide in the presence of the test substance 

7 under conditions such that the 0-secretase polypeptide would 

8 cleave the polypeptide substrate between a Met -Asp or a Leu- 

9 Asp cleavage site into an amino-terminal fragment and a 

10 carboxy- terminal fragment in the absence of a substance which 

11 inhibits such cleavage; and 

12 detecting cleavage of the polypeptide at the 

13 £-secretase site. 

1 32. A method as in claim 31, wherein the at least 

2 partially purified 0-secretase polypeptide which is in the 

3 presence of the substrate polypeptide and test substance has 

4 an activity which is at least five-fold greater than that of a 

5 solubilized but unenriched membrane fraction from human 293 

6 cells. 

1 33. A method as in claim 31, wherein cleavage of 

2 the polypeptide is determined by detecting the generation of 

3 at least one of the amino-terminal fragment and the carboxy- 

4 terminal fragment. 
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34. A method as in claim 33, wherein the generation 
of the fragment is detected by observing binding between the 
fragment and a binding substance specific for the carboxy end 
of the amino-terminal fragment or the' amino end of the 
carboxy- terminal fragment. 

35. A method as in claim 33, wherein the generation 
of the fragment is detected in a gel which separates fragments 
based upon size and/or electrophoretic mobility. 

36. A method as in claim 31, wherein the 
polypeptide comprises a sequence including the 125 carboxy- 
terminal amino acids of 0-APP. 

37. A method as in claim 36, wherein the substrate 
polypeptide is a fusion polypeptide comprising an amino- 
terminal portion having a binding epitope and a carboxy- 
terminal portion having the 0-secretase site. 

38. A method as in claim 37, wherein cleavage of 
the substrate polypeptide is detected by capture of the amino- 
terminal portion of the fusion polypeptide and detection of 
the carboxy end of the amino-terminal portion, wherein said 
carboxy end is detected by observing binding to a binding 
substance specific for said carboxy end. 

39. A method as in claim 31, wherein the 0- 
secretase cleaves between amino acid residues 596 and 597 in 
the 6 9.5 -isomer of /SAPP. 

40. A method for inhibiting the cleavage of 0- 
aoyloid precursor protein in cells, said method comprising 
administering to the cells an amount of a compound effective 
to at least partially inhibit 0-secretase activity. 
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41. A method for inhibiting the cleavage of jS- 
amyloid precursor protein. in a mammalian host, said method 
comprising administering to the host an amount of a compound 
effective to at least partially inhibit 0-secretase activity. 
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1 ATGAAAACTGAAGAAGGTAAACTGGTAATCTGGATTAACGGCGATAAAGGC 
1 MetLysThrGluGluGlyLysLeuVallleTrpIleAsnGlyAspLysGly 

52 TATAACGGTCTCGCTGAAGTCGGTAAGAAATTCGAGAAAGATACCGGAATT 
18 TyrAsnGlyLewAlaGluValGlyLysLysPheGluLysAspThrGlylle 

103 AAAGTCACCGTTGAGCATCCGGATAAACTGGAAGAGAAATTCCCACAGGTT 
35 LysValTlirValGluHisProAspLysLeuGluGluLysPheProGlnVal 

154 GCGGCAACTGGCGATGGCCCTGACATTATCTTCTGGGCACACGACCGCTTT 
52. AlaAlaThrGlyAspGlyProAspIlellePheTrpAlaHisAspArgPhe 

205 GGTGGCTACGCTCAATCTGGCCTGTTGGCTGAAATCACCCCGGAC AAAGCG 
6 9 GlyGlyTyrAlaGlnSerGlyLewLewAlaGluIleThrProAspLysAla 

256 TTCCAGGACAAGCTGTATCCGTTTACCTGGGATGCCGTACGTTACAACGGC 
8 6 PheGlnAspLysLeuTyrProTheThrTrpAspAlaValArgTyrAsnGly 

307 AAGCTGATTGCTTACCCGATCGCTGTTGAAGCGTTATCGCTGATTTATAAC 
103 LysLeuIleAlaTyrProIleAlaValGluAlaLeuSerLeuIleTyrAsn 

358 AAAGATCTGCTGC.CGAACCCGCCAAAAACCTGGGAAGAGATCCCGGCGCTG 
120 LysAspLewLewProAsnProProLysThrTrpGluGluIleProAlaLeu 

4 09 GATAAAGAACTGAAAGCGAAAGGTAAGAGCGCGCTGATGTTCAACCTGCAA 
137 AspLysGluLeuLysAlaLysGlyLysSerAlaLeuMetPheAsnLeuGln 

4 60 GAACCGTACTTCACCTGGCCGCTGATTGCTGCTGACGGGGGTTATGCGTTC 
154 GluProTyrPheThrTrpProLeuIleAlaAlaAspGlyGlyTyrAlaPhe 

511 AAGTATGAAAACGGCAAGTACGACATTAAAGACGTGGGCGTGGATAACGCT 
171 LysTyrGluAsnGlyLysTyrAspIleLysAspValGlyValAspAsnAla 

5 62 GGCGCGAAAGCGGGTCTGACCTTCCTGGTTGACCTGATTAAAAACAAACAC 
188 GlyAlaLysAlaGlyLewThrPheLeuValAspLeuIleLysAsnLysHis 

6 1 3 ATGAATGCAGACACCGATTACTCCATCGCAGAAGC7GCCTTTAATAAAGGC 
205 MetAsnAlaAspThrAspTyrSerlleAlaGluAlaAlaPheAsnLysGly 

664 GAAACAGCGATGACCATCAACGGCCCGTGGGCATGGTCCAACATCGACACC 
222 GluThrAl'aMetThrIleAsnGlyProTrDAlaTrr>Se-^sn T le^SD' r h*- 

FIG. 6-1 ' 



SUBSTITUTE SHEET (RULE 2C) 



WO 96/40885 



PCT/US96/0998S 



6/15 

715 AGCAAAGTGAATTATGGTGTAACGGTACTGCCGACCTTCAAGGGTCAACCA 
239 SerLysValAsnTyrGlyValThrValLeuProThrPheLysGlyGlnPro 

766 TCCAAACCGTTCGTTGGCGTGCTGAGCGCAGGTATTAACGCCGCCAGTCCG 
256 SerLysProPheValGlyValLeuSerAlaGlylleAsnAlaAlaSerPro 

817 AACAAAGAGCTGGCGAAAGAGTTCCTCGAAAACTATCTGCTGACTGATGAA 
273 AsnLysGluLeuAlaLysGluPheLeuGluAsnTyrLeuLeuThrAspGlu 

868 GGTCTGGAAGCGGTTAATAAAGACAAACCGCTGGGTGCCGTAGCGCTGAAG 
290 GlyLeuGluAlaValAsnLysAspLysProLeuGlyAlaValAlaLeuLys 

919 TCTTACGAGGAAGAGTTGGCGAAAGATGCACGTATTGCCGCCACCATGGAA 
307 SerTyrGluGluGluLewAlaLy.sAspProArglleAlaAlaThrMetGlu 

970 AACGCCCAGAAAGGTGAAATCATGCCGAACATCCCGCAGATGTCCGCTTTC 
324 AsnAlaGlnLysGlyGluIleMetPrdAsnlleProGlnMetSerAlaPhe 

1021 TGGTATGCCGTGCGTACTGCGGTGATCAACGCCGCCAGCGGTCGTCAGACT 
341 TrpTyrAlaValArgThrAlaVallleAsnAlaAlaSerGlyArgGlnThr 

1072 GTCGATGAAGCCCTGAAAGACGCGCAGACTAATTCGAGCTCGGTACCCGGC 
358 ValAspGluAlaLeuLysAspAlaGlnThrAsriSerSerSerValProGly 

1123 CGGGGATCCATCGAGGGTAGGGCCGACCGAGGACTGACCACTCGACCAGGT 
375 ArgGlvSerlleGluGlvAra AlaAspAraGlvLeuThrThrArgproGlv 

1174 TCTGGGTTGACAAATATCAAGACGGAGGAGATCTCTGAAGTGAATCTGGAT 
392 SerGlvLeuThrAsnlleLvsThrGluGluTlBSft rGluVai A^ T.^n^p 

1225 GCAGAATTCCGACATGACTCAGGATATGAAGTTCATCATCAAAAATTGGTG 
409 AlaGluPheArgHisAspSerGlvTvrGluValHj sHisG1nT.vsT.«»nVal 

127 6 TTCTTTGCAGAAGATGTGGGTTCAAACAAAGGTGCAATCATTGGACTCATG 
426 PhePhRAl aGluAspValGlvSerAsnT.ysGI yM aT 1 pTI oftl v r. 0 n^ r 

1327 GTGGGCGGTGTTGTCATAGCGACAGTGATCGTCATCACCTTGGTGATGCTG 
443 Va 1G1 vGl Wa lVa 1 TleAlaTh rVa 111 eVa 111 eTh r Leu Va 1 Mq«- t.p,i 

1378 AAGAAGAAACAGTACACATCCATTCATCATGGTGTGGTGGAGGT7GACGCC 
460 LvsLvsLysGlnTvrTh rggrT 1 efj i sH i gGlvVa 1 y a 1 Gl i:Va i i ^r>A , 1 fl 

FIG. 6-2 
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1 4?7 9 ^rf^ CCCAGAGGAGCGCCACCTGTCCAAGATGCA GCAGAACGGCTAc' 
1480 GAAAATCCAACCTACAAGTTCTTTGAGCAGATGCAGAACTAG 

FIG. 6-3 
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